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ABSTRACT 


Although  variations  in  the  tempo  of  flight  deck  operations  aboard 
an  aircraft  carrier  can  be  easily  detected,  no  suitable  method  has  been 
developed  to  measure  this  tempo.  A  method,  based  on  two  assumptions, 
which  may  solve  this  problem  is  presented.  That  the  occurrence  of 
accidents  is  linearly  related  to  the  many  measurable  events  or  factors 
comprising  flight  deck  operations  is  the  first  assumption.  The  second 
is  that  tempo  has  a  similar  linear  relationship  with  these  factors.  A 
regression  analysis  of  accidents  from  previous  flight  deck  operations 
is  employed  to  find  the  partial  correlation  coefficients  for  each  of  these 
factors.  An  equation  to  measure  tempo  is  then  obtained  using  these 
coefficients  as  the  weights  for  the  various  factors.  Data  from  a  U.  S.  S. 
FORRESTAL  cruise  are  used  to  find  these  partial  correlation  coefficients 
for  certain  factors.  In  most  cases  these  coefficients  do  not  test  signi¬ 
ficantly  different  from  zero.  As  a  result  their  value  as  weights  is 
questionable.  However,  this  does  not  invalidate  the  concepts  used  to 
develop  the  measure  of  tempo.  It  is  hoped  that  future  analyses,  based 
on  data  from  the  cruises  of  many  ships,  will  show  this  measure  of 
tempo  valid  and  reliable. 
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Thesis:  A  METHOD  FOR  DETERMINING  THE  TEMPO  OF 
OPERATIONS  ABOARD  AIRCRAFT  CARRIERS 
THROUGH  REGRESSION  ANALYSES  OF  ACCIDENTS 


The  following  changes  should  he  made  in  subject  thesis: 

a.  page  24,  line  6:  change  to  read  "approximately" 
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c.  Page  38,  fifth  line  from  bottom:  change  to  read 
"curiosity"  vice  curiousity. 
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semi-colon  after  "exist". 
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CHAPTER  I 


INTRODUCTION 

Flight  deck  operations  aboard  a  modern  aircraft  carrier  at  sea 
vary  from  a  peaceful  lull  to  a  pace  so  rapid  that  they  border  on  the 
limitations  of  the  machines  and  the  men  who  handle  them.  This  varying 
degree  of  pace  is  known  as  "tempo  of  operations.  11  Attempts  have  been 
made  to  measure  this  tempo,  however,  due  to  tempo's  complex  nature 
these  attempts  have  succeeded  in  measuring  only  a  part  of  tempo.  This 
has  unjustifiably  been  considered  a  measure  of  the  whole.  Currently 
the  measure  of  tempo  is  the  total  number  of  sorties  recovered  in  a 
given  period.  If  a  single  factor  is  to  be  used  to  measure  tempo,  this 
is  perhaps  the  best.  Nevertheless,  it  is  not  a  reliable  measure  of  the 
tempo  of  all  the  flight  operations,  be  -.ause  intuitively,  tempo  is  not  a 
single  factor  ouch  as  the  number  of  sorties  flown,  but  rather  is  made 
up  of  many  such  factors.  Consideration  of  the  circumstances  under 
which  operations  are  carried  out  must  also  b«  made.  It  is  the  purpose 
of  this  thesis  to  develop  and  examine  a  method  to  measure  the  tempo  of 
flight  operations  aboard  aircraft  carriers;  a  method  which  not  only 
considers  the  number  of  sorties  flown  but  also  the  surrounding  circum¬ 
stances. 

A  measure  of  tempo  of  carrier  operations  which  is  reliable  and 
statistically  sound  is  desperately  needed  by  the  Naval  Aviation  Safety 
Center,  Norfolk,  Virginia.  In  the  past,  the  Safety  Center  has  investi¬ 
gated  every  phase  of  carrier  operations  in  an  effort  to  determine  the 


causes  of  accidents.  These  investigations  were  limited  in  a  statistical 
sense  because  the  Safety  Center  lacked  the  ability  to  carry  out  a  highly 
sophisticated  statistical  study.  In  the  near  future,  this  will  no  longer  be 
true.  However,  in  order  for  the  Safety  Center  to  statistically  analyze 
carrier  operations,  there  exists  a  requirement  that  these  operations  be 
accurately  measured.  The  number  of  sorties  flown  does  not  seem  to  be 
a  good  measure  of  carrier  operations  because  it  is  incomplete.  Although 
it  does  give  a  good  indication  of  how  the  tempo  of  operations  is  varying, 
it  is  not,  itself,  a  measure  of  tempe.  The  number  of  sorties  flown  is 
simply  one  of  the  factors  which  combine  to  make  up  tempo.  Therefore, 
if  the  Safety  Center  bases  a  study  on  this  single  factor,  the  study  cannot 
be  complete  and  will  be  unreliable. 

Carrier  operations  can  be  divided  into  numerous  areas.  Each  of 
these  areas  can  be  considered  to  have  a  certain  tempo.  Investigating  the 
tempo  of  all  these  segments  of  operations  is  a  tremendous  problem.  As 
a  result,  this  thesis  is  strictly  limited  to  developing  r  measure  of  tempo 
of  flight  deck  operations  (hereafter  usually  referred  to  just  as  tempo  or 
tempo  of  operations).  This  is  the  area  of  highest  tempo  and  is  the  most 
important.  Even  though  this  thesis  is  strictly  concerned  with  flight  deck 
tempo,  there  is  no  reason  why  its  concepts  cannot  and  should  not  be 
extended  to  cover  the  tempo  of  operations  for  the  entire  carrier  if  these 
concepts  prove  to  be  valid. 

Since  the  flight  deck  is  such  an  important  area  of  operation, 
numerous  records  are  kept  of  its  activities.  lor  the  statistical  analysis 
for  this  thesis,  many  such  records  were  obtained  from  U.  S.  S. 
FORRESTAL,  CVA-59.  These  records  covered  FORRESTAE's 


8 


Mediterranean  cruise  from  the  date  she  deployed,  16  August  1965,  until 
her  return  to  Norfolk,  7  April  1966.  Several  of  th«  records  obtained 
were  official  reporte,  These  were  considered  very  accurate.  Other 
record#  were  checked  by  the  author  and  correctiora  were  made  wh#n 
discrepancies  were  discovered. 

As  in  any  post  facto  analysis,  the  accuracy  of  records  i#  o» 
some  concern  because  of  the  possibility  of  human  error,  Ac  even  more 
formidably  problem  encountered  in  such  an  analysis  is  the  same  as  that 
which  is  met  in  any  uncontrolled  experiment.  The  data  collected  is  not 
the  most  suitable  for  the  type  of  analysis  to  be  carried  out.  The  only 
solution  to  such  a  problem  is  to  limit  the  analysis  to  that  area  which 
can  be  satisfactorily  covered  by  the  data  available. 

Since  the  statistical  analysis  advanced  in  this  thesis  was  based 
on  i  oat  facto  data,  rather  thsn  let  the  analysis  suffer  from  the  use  of 
incorrect  values,  it  was  limited  only  to  factors  for  which  accurate  data 
were  available.  Although  this  decreased  the  scope  of  operations  under 
study,  it  did  not  seriously  affect  the  type  of  analysis  or  the  basic  ideas 
under  development. 

Tempo  ie  defined  as  the  rate  at  which  something  is  being  done. 
However,  in  order  to  meet  the  neerfB  of  the  Safety  Center  and  thus  to 
include  the  circumstance  a  under  wiuch  operations  are  carried  out,  the 
definition  lias  to  be  broadened.  It  must  include  not  only  those  factors 
which  are  done  at  a  variable  rate,  but  also,  it  must  include  those  factors 
which  sffcct  a  carrier's  ability  to  function  at  a  particular  rate  (e.  g.  , 
included  might  he  such  factors  ms  weather  conditions,  the  number  of 
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aircraft  available  for  operations,  etc. }. 

Tempo  of  operations  is  difficult  tc  measure  because  it  has  an 
abstract  nature.  An  observer  can  easily  tell  when  there  iB  a  change 
in  tempo,  but  he  cannot  determine  the  amount  of  the  change  because 
he  has  neither  a  unit  of  measurement  nor  a  reference  point.  Combining 
this  and  the  fact  that  factors  used  in  measuring  tempo  are  of  different 
unit6,  one  is  attracted  to  the  idea  of  using  a  unitless  quantity,  the 
index  numbei,  to  measure  tempo. 

An  index  number  is  defined  as  a  statistical  device  for  measuring 
changes  in  groups  of  data.  The  groups  of  data  to  which  an  index  number 
is  best  applied  should  fluctuate  widely,  but  should  exhibit  definite  and 
measurable  tendencies,  index  numbers  are  actually  relative  or 
absolute  averaging  devices  which  serve  as  yardsticks  of  comparative 
measurement.  Index  numbers  usually  measure  fluctuations  during 
intervals  of  time.  Since  tempo  definitely  varies  with  time,  the  justi¬ 
fication  of  the  use  of  the  index  number  is  dependent  only  or.  whether  the 
relationship  of  the  factors  to  tempo  has  definite  and  measurable 
tendencies.  This  will  be  investigated  later  by  means  of  a  regression 
analysis. 

To  develop  an  index  number  for  tempo,  each  influencing  factor 
which  can  be  measured  must  be  weighted  and  then  all  such  factors  com¬ 
bined  to  form  the  index  number.  The  equation  of  this  relationship  is 
introduced  in  the  next  chapter.  Chapter  IH  discusses  the  exact  type 
of  relationship  which  is  used.  The  remaining  chapters  are  reserved 


for  investigating  assumption®  ^.e  fey  a??*?*®*  tec  “&CSS 
advanced  in  this  thesis  to  the  data  obtained  frorrv  F  G-ix-t-- 
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FACTORS  INFLUENCING  TEMPO 
It  is  impossible  to  account  for  and  measure  all  the  factors  which 
combine  to  make  up  the  tempo  of  flight  operations  aboard  a  carrier. 

Even  if  all  factors  are  considered,  some  will  have  such  a  small  influence 
that  the  extra  effort  required  to  include  them  will  not  be  profitable. 
Nevertheless,  a  statistical  study  of  eyery  measurable  factor  must  be 
made  in  order  to  avoid  the  possibility  of  eliminating  any  factor  which 
may  have  some  influence  that  is  not  obvious. 

It  is  difficult  to  keep  from  counting  the  same  factor  in  different 
ways ,  and  yet,  it  is  also  easy  to  overlook  important  factors.  In  an 
effort  to  refrain  from  being  redundant,  yet  at  the  same  time  attempting 
to  be  complete,  the  following  list  is  presented: 


L. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 


12. 

13. 

14. 

15. 


Number  of  sorties  flown  per  day 

Number  of  sorties  flown  per  night 

Number  of  hours  flown  per  day 

Number  of  hours  flown  per  night 

Number  of  hours  in  a  work  day 

Average  number  of  sorties  per  pilot  per  day 

Average  number  of  aircraft  launched  or  recovered  on  a 

cycle 

Number  of  days  at  sea  during  current  at  sea  period 
Number  of  personnel  aboard  (pilots,  deck  crews,  and 
maintenance  crews) 

Number  of  aircraft  aboard 

Number  of  different  aircraft  launched  on  a  day  (by  side 
number,  e.  g.  ,  three  different  A4C's,  501,  506,  and  512; 
six  different  F8E's,  801,  805,  etc.) 

Number  of  days  on  current  cruise 
Number  of  consecutive  operating  days 
Type  of  aircraft  launched 

Type  of  flights  (combat,  test,  low-level,  intercept, 
tanker,  bombing,  reconnaissance,  etc.  ,  especially 
for  ordnance  considerations) 
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16.  Weather  condition#  , 

IV  C  -  .  -*•  » 

1  i  .  t^ca  di«1  e 

18.  Average  length  of  time  available  between  launches 
(i.  e.  ,  usually  the  amount  of  time  for  re-spot) 

19.  Size  cl  carri  sr 

This  is  a  list  of  measurable  factors,  where  the  word  factor  is  used  to 
denote  any  element  that  may  influence  tempo  whether  measurable  pr  , 
unmeasurable.  After  a  factor  is  introduced  into  the  tempo  equation, 
it  can  then  be  referred  to  as  a  variable  in  the  sense  that  it  has  different 
values  for  different  situations. 

Looking  at  the  above  list,  it  may  be  noted  that  both  sorties  and 
hours  are  included.  Although  they  measure  almost  the  same  contribution 
to  tempo,  there  are  differences  which  may  be  taken  into  account.  Also, 
of  great  importance  is  the  fact  that  both  day  and  night  operations  are 
considered.  This  is  because  tempo  can  definitely  be  observed  to  slow' 
during  night  operations. 

The  number  of  hours  in  a  woik  day  is  a  partial  measure  of  the 
effort  expended  by  the  personnel  on  the  flight  deck  just  as  the  avqr#ge 
xiumber  of  sorties  per  pilot  per  day  partially  measuies  the  over-all 
pilot  effort.  Additionally,  the  average  number  of  aircraft  launched 
(or  recovered)  on  a  cycle,  the  number  of  aircraft  aboard,  the  number 
of  different  aircraft  launched  on  a  day,  the  type  of  aircraft  launched, 
the  type  of  flights,  and  the  average  length  of  time  available  between 
the  launches  directly  affect  the  tempo  of  the  ship  through  the  pilot  or 
deck  crew  or  both.  Weather  conditions  and  sea  sta^e  must  be  considered 
because  they  are  external  factors  which  can  greatly  limit  a  carrier1# 
operating  ability.  !„  ■  j  ..  u  , , 
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Factor*  auch  a*  the  number  of  personnel  aboard,  the  number  of 
aircraft  aboard,  and  the  size  of  the  carrier  are  strictly  inherent  to 
a  particular  carrier.  These  factors  rrxutit  be  considered,  however, 
when  comparing  different  carriers  because  they  affect  a  carrier's 
ability  to  function  at  a  tempo  different  from  that  of  another  carrier. 
When  investigating  an  entirt  cruise,  additional  factors  such  ao 
the  number  of  days  at  sea  during  the  current  at  sea  period,  the  number 
of  days  on  a  current  cruise,  and  the  number  of  consecutive  operating 
dayB  might  also  be  added  to  the  list  of  factors  affecting  tempo. 

Although  these  factors  have  only  an  indirect  effect,  it  is  possible  that 
such  factors  have  more  of  an  influences  on  tempo  through  morale,  than 
would  appear  evident. 

Other  factors  were  considered  but  were  eliminated  from  the  list 
because  they  were  impossible  to  measure  accurately.  Some  of  those 
factors  were  training,  for  both  pilot  and  deck  crews,  Job  ha/.ards, 
mental  capacity  of  an  individual  for  hi*  job,  living  conditions  aboard 
ship,  amount  of  pressure  from  the  job  (both  mental  and  physical), 
number  and  type  of  watches  arid  extra  dutio*,  the  amount  of  time  the 
ship  had  been  at  sea  in  the  last  few  years,  the  number  of  days  of 
liberty  in  a  given  period,  and  the  type  of  liberty  port*  visited. 

Assuming  a  rolationsldp  between  tempo  and  the  list  of  factors, 
the  following  equation  car  be  written: 

T  =  ajX1  4  LZy.z  4  •••  4  ajx  4  •  •  •  + 

In  till*  equation,  T  1*  the  index  of  tempo  of  operations  as  a  function  of 
n  variables,  1*  the  value  of  each  variable,  and  aj  Is  tire  weight  of 
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each  variable.  At  thia  point  the  degree  of  the  is  undetermined.  Not 
only  ie  it  possible  that  the  ij  are  of  a  higher  degree,  but  they  may  also 
be  formed  from  the  combination  of  two  or  more  factors,  .  , 

Since  tri  index  number  ia  unities*,  each  ajx^  multiplicative  pair 
on  the  right  aide  of  the  equation  must  alao  be  uzdtiess.  This  can  be 
accomplished  in  one  of  two  ways.  If  ia  in  hours,  the  a^  must  have 
the  units  of  a  unitless  weight  per  hour.  This  idea  has  to  be  extended 
to  cover  all  variables.  Another  approach  ia  to  make  the  x^  quantity 
unitless  by  dividing  by  a  minimum,  average,  or  maximum  value  of  the 
measured  variable.  This  forces  the  a^  to  also  be  a  unitless  quantity  in 
keeping  with  the  requirement  of  consistent  unitless  quantities  on  both 
sides  of  the  equation.  Although  index  numbers  do  exist  which  are  made 
by  adding  inconsistent  units,  they  should  be  avoided  when  possible  since 
they  are  not  mathematically  rigorous. 

To  develop  an  index  number  which  has  meanxr«{,  it  is  necessary 
that  those  variables  having  a  positive  influence  on  the  index  hove  the  com¬ 
mon  attribute  that  they  increase  in  value  as  the  degree  of  difficulty  to 
carry  out  operations  increases.  Thus,  if  the  wigher  weights  are  also 
given  to  the  most  influential  variables,  this  quality  of  the  a^  plus  that  of 
the  x.  results  in  a  higher  valued  index  of  tempo  when  the  tempo  jjs  actually 
higher.  There  arc,  however,  certain  variables  which  have  a  negative 
Influence  on  tempo,  that  is,  as  the  variable  increases  in  value,  tempo 
actually  decreases.  An  example  of  this  is  the  amount  of  time  available 
between  launches.  Such  variables  must  be  taken  into  account.  This  can 
be  done  by  giving  them  a  negative  weight.  Chapter  III  covers  this  in  detail. 
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One  problem  arising  when  considering  the  variables  occurs  in 


determining  the  span  of  time  over  which  they  will  be  considered,  ‘it 
is  easier  to  work  with  the  normal  operating  day,  considering  24 
hours  as  the  maximum,  since  moat  records  and  reports  cover  this 
period.  Anot  her  problem  one  encounters  is  the  fact  that  certain 
variables  such  as  weather  and  aea  state  change,  sometimes  radically, 
in  a  short  period  of  time.  For  these  variables,  an  average  value 
must  be  determined  for  the  period  of  operations. 

The  reason  for  including  many  variables,  such  as  number  of 
hours  flown,  number  of  sorties  flown,  and  the  number  of  hours  in 

a  work  day.  is  obvious.  Intuitively,  these  variables  are  directly 

related  to  tempo.  They  are  also  consistent  in  the  fact  that  they  seem 
to  increase  as  the  tempo  of  operations  increases.  7/hen  measuring 
these  variables,  an  average  value,  based  on  data  from  several 
carrier  cruises,  can  be  easily  determined  for  each.  Using  this 
average  value  for  each  variable  in  the  denominator  ana  putting  the  ' 
value  of  the  variable  as  it  occurs  on  each  day  in  the  numerator,  a 
unitless  value  is  determined  which  is  greater  than  or  equal  to  *ero 


and  normally  close  to  the  value  of  one.  In  this  way  the  xi  can  be 

transferred  into  a  unitlese  ratio.  For  example,  if  the  computed 

average  number  of  ant-H..  u —  _ ,  ... 

"  *  «S‘VC“  iypp  oi  Ktup  is  200  Borties 

m  a  21-hour  day,  and  a  ship  launches  150  sorties  on  a  particular 
day,  then  its  Xi  value  for  sorties  that  day  is  150/200,  or  3/4. 
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The  average  value  of  a  variable  ia  uaed  1a  the  denominator  to  make 
the  unitlesa.  A  more  useful  quantity'  to  use  ia  a  maximum  value  beyond 
which  the  ship  will  not  operate.  This  has  the  desirable  quality  at  normal¬ 
izing  the  x^  value  between  zero  and  one.  The  problem  with  using  this, 
however,  is  that  it  tenl*  to  affect  the  amount  of  influence  a  variable  Ua<. 
on  the  tempo  index  number.  This  ia  seen  by  comparing  two  different 
variables.  If  the  number  of  hours  in  a  normal  operating  day  ia  12,  and 
the  maximum  attainable  ia  24,  then  the  average  value  for  the  is  12/24, 
or  1/2  for  this  particular  variable.  However,  for  other  variable^,  it 
may  be  different.  For  instance,  if  tho  average  number  of  sorties  flown 
pet  day  is  100  and  the  maximum  number  possible  is  400,  this  gives  this 
intuitively  important  variable  an  average  x^  value  of  100/400,  or  1/4. 

Since  tins  average  Xj  value  is  less  than  that  of  the  first  variable  considered, 
its  influence  on  the  tempo  index  number,  on  the  average,  is  also  lesa 
simply  because  of  the  manner  in  which  it  is  measured.  This  is  undesir¬ 
able  because  the  weighting  factor  alone  should  determine  the  amount  of 
influence  of  each  variable.  By  using  the  average  rather  than  the  maxi¬ 
mum  value,  this  is  accomplished  to  a  much  greater  degree. 

The  justification  for  including  other  variables  in  the  tempo  equa¬ 
tion,  although  not  obvious,  can  be  easily  shown.  The  type  of. aircraft 
launched  is  included  in  a  study  of  tempo  since  the  handling,  launching, 
and  landing  of  one  type  of  aircraft  is  mers  difficult  than  another  type, 
e.  g.  ,  aircraft  with  nose  wheel  steeling  and  nose  gear  launching  capabili¬ 
ties  are  gensraily  easier  to  handle  than  those,  without.  In  this  case 
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mission  with  an  ordnance  load,  there  is  increased  stress  on  the  pilot, 
but  in  addition,  a  great  deal  more  work  io  also  required  aboard  the 
carrier  by  both  the  ship's  crew  and  squadron  personnel  in  handling  the 
ordnance,  preparing  the  aircraft  for  the  ordnance  hop,  and  loading  the 
aircraft.  This  is  probably  the  most  difficult  type  of  sortie  for  everyone 
concerned.  The  least  difficult  is  a  sortie  launched  for  the  purpose  of 
keeping  the  pilot  proficient  in  flying  his  aircraft.  Between  these  two  types 
of  missions,  there  are  other  missions  of  varying  degrees  of  difficulty 
These  missions  have  to  be  evaluated  according  to  degree  of  difficulty, 
with  the  hardest  mission  receiving  the  highest  value.  A  time  study  can 
be  made  to  evaluate  each  mission's  degree  of  difficulty.  Using  the  values 
obtained  from  this  study  and  proceeding  in  the  same  manner  as  with  the 
type  of  aircraft  launched,  the  variable  can  be  found  in  this  case,  also. 

The  x.  value  for  weather  conditions  is  determined  by  plotting 
visibility  versus  ceiling  on  a  coordinate  plane  with  a  scale  for 
ceiling  from  zero  to  250  feet  of  altitude  in  50-feet  segments, 


and  a  scale  for  visibility  from  aero  to  one  mile  ip  o.,er  eighth  mile  . 
segments,  This  scale  is  tften  marked  off  qn  each  axis  forming  hlockf. 
Values  between  one  and  ten  are  assigned  to  each  block  corresponding  to 
the  degree  of  difficulty  in  conducting  flight  operations.  The  highest 
value  is  assigned  to  the  block  where  the  degree  of  djffiqulty  is  greater, 
i.  e.  ,  the  box  with  (0,0)  as  the  coordinates  of  its  Jeff  corner.  Outside 
the  outer  limits  the  value  is  zero.  Using  an  average  value,  determined 
from  several  cruises  operating  in  different  aieaa  at  different  times  of 
the  year.  in  the  denominator,  any  particular  day’s  average  weather 
condition  is  put  in  the  numerator  giving  a  suitable  Xj  value.  To, deter¬ 
mine  the  average  daily  value  of  weather,  a  value  ip  assigned  each 
operating  hour  and  the  average  of  theBe  is  used  for  the  daily  average. 

Sea  state  is  measured  by  assigning  a  weight  of  ten  to  the  worst 
condition,  and  progressively  lower  weights  to  lesser  conditions.  Then 
the  procedures  for  weather  conditions  are  followed.  This  is  a  separate 
variable  because  even  when  the  weather  is  clear,  rough  seas  can 
appreciably  increase  the  degree  of  difficulty  in  nandiing  the  aircraft 
on  the  flight  deck  and  in  flight  operations  off  and  on  the  earlier. 

The  size  of  the  carrier  is  a  factor  which  must  be  included  in  an 
index  of  tempo  of  operations  if  the  index  is  to  be  used  to  compare  differ¬ 
ent  carriers.  For  a  particular  carrier,  it  is  a  constant  tern  in  the 
equation.  It  ie  determined  by  ranking  the  different  carriers.  Since 
the  degree  of  difficulty  of  carrying  out  operations  increases  as  the  size 
of  the  carrier  decreases,  the  smallest  carrier  has  the  highest  value  in 
the  ranking.  This  ranking  is  determined  by  personnel  familiar  with 
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operatioj.il  aboard  the  different  carriers.  It  can  be  noted  that  although 
the  degree  of  difficulty  is  leas  for  a  large  carrier,  the  larger  carrier 
has  a  bigger  complement  of  aircraft.  As  a  result,  the  larger  carrier 
may  end  up  balanced  with  the  smaller  carrier  when  both  degree  of 
difficulty  and  aircraft  complement  are  considered. 

This  chapter  is  primarily  concerned  with  the  factors  which 
combine  to  make  up  tempo  and  the  manner  in  which  these  factors  can 
be  measured.  Although  the  basic  tempo  equation  i.j  introduced,  the  type 
of  relationship  will  be  discussed  in  the  next  chapter.  As  with  any  such 
equation,  the  most  difficult  part  is  weighting  the  factors.  This  will 
also  be  discussed  in  the  next  chapter.  ' 1 


CHAPTER  IU 


WEIG  HTING  OF  FACTORS 

Since  the  only  measurable  parte  of  the  tempo  equation  are  the  x  !> 
valuer,  additional  information  is  needed  before  proceeding  further  if 
tempo  is  to  be  measured.  It  helps  if  tempo  can  be  linked  to  something 
that  can  be  measured.  There  seems  to  be  only  one  element  which  tends 
to  vary  with  tempo  and  to  limit  tempo  during  normal  operations,  while 
at  the  same  time  is  related  to  the  many  factors  being  considered.  This 
element  is  the  occurrence  of  accidents.  When  operations  are  proceeding 
at  a  slow  pace,  or  slow  tempo,  the  likelihood  of  ai  accident  is  decreased. 
As  the  tempo  increases,  the  likelihood  of  an  accident  also  tends  to 
increase.  Only  during  very  unusual  operations  is  the  tempo  allowed  to 
proceed  at  ouch  a  rate  that  it  will  almost  surely  cause  a  serious  accident. 
Normally  operations  are  curtailed  when  any  one  factor  or  a  combination 
of  factors  increases  the  likelihood  of  an  ac  'ident.  This  curtailment  is 
usually  in  the  lorn  of  a  cut  in  the  number  of  sorties  to  be  flown.  It  can 
result  iror.i  obvious  fatigue,  bad  weather,  rough  sear,  night  operations, 
or  a  combination  of  such  factors.  No  matter  which  factor  is  considered, 
it  is  clear  that  there  is  a  definite  relationship  between  each  factor  and  the 
acciumt  rate,  and  between  each  factor  and  tempo. 

This  thesis  is  written  in  an  effort  to  develup  a  measure  of  tempo 
of  operations.  Since  no  real  effort  has  been  made  in  the  past  to  do 
this,  the  only  possible  procedure  to  follow  is  to  present  a  method 
based  on  certain  assumptions,  and  then  check  the  results  to  see  if 


the  method  developed  is  feasible,  iktuitiveiy,  one  can  justify  that 
tempo  is  a  function  of  the  factors  introduced  in  Chapter  H.  Since  the 
actual  relationship. between  tempo  and  the  factors  is  unknown,  ,it  is 
necessary  to  assume  some  type  of  relationship. .  The  moat  logical 
relationship  is  of  a  linear  form  since  tempo,  as  previously  defined, 
should  increase  proportionally  with  the  various  factors  at  a  constant 
rat o,  but  not  at  an  ever  increasing  rate. 

Sven  if  a  linear  relationship  is  assumed  between  tempo  and  the 
various  factors,  little  can  be  done  in  determining  tempo  because  there 
is  no  method  to  weight  each  factor-  It .  s  for  this  reason  that  the  rela¬ 
tionship  between  the  occurrence  of  accidents  and  the  factors  is  introduced. 
Obviously,  as  the  factors  increase  in  value,  thus  causing  tempo  to 
increase,  the  risk  of  an  accident  also  increases.  It  is  not  necessary  to. 
assume  a  linear  relationship  between  the  occurrence  of  accidents  and 
the  factors,  because  this  can  be  checked  by  least  squares  procedures 
which  will  be  introduced  in  Chapter  IV.  If  a  linear  relationship,  or 
one  that  can  be  approximated  by  a  linear  relationship,  does  evolve  after 
many  cruises  have  been  checked,  it  is  possible  to  assume  that  tempo  has 
the  same  type  of  linear  relation.  Of  course,  this  is  a  very  large  assump¬ 
tion,  but  it  must  be  remembered  that  there  is  definitely  a  close  relation¬ 
ship  between  the  occurrence  of  accidents  and  tempo,  and  that  a  measure 
of  tempo  is  needed  only  in  relative,  not  absolute,  terms. 

If  the  relationship  between  the  occurrence  of  accidents  and  each- 


factor  can  be  approximated  by  a  linear  function,  and  a  similar  relation¬ 
ship  is  assume  d  for  tempo,  then  the  weighting  problem  can  be  easily 
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solved.  First,  however,  it  is  necessary  to  set  up  a  multiple  lia^fx 
regression  model  using  accidents  as  the  dependent  variable  .and  .the  .j? 
values  for  the  influencing  factors  as  the  independent  variables..  This- 
model  is  based  on  the  following  equation:  ,  . 

y  =  bQ  +  b1x1  +  b2X2  +  *  \*  +  bi*i  +  */  *  t  bn*n 
In  this  equation,  y  is  the  sum  of  accidents,  xj  is  :the  measured -value  of 
the  influencing  factor,  b^  is  the  coefficient  weighting  each  of  the  factors 
(usually  called  the  regression  coefficient),?  and;  n  is  the?  total- number  o£.- 
influencing  factors.  From  this  model,  the  linear  regression. [Coefficients 
of  each  of  the  independent  variables  can  be  derived.  Although  the  regres¬ 
sion  coefficients  satisfy  the  accident  equation,  these  coefficients  cannot 
be  used  in  the  index  of  tempo  equation  for  two  reasons.  First,  if  the 
regression  coefficients  are  used  with  the  natural  x .  values,  the  index  : 
of  tempo  equation  simply  ends  up  as  the  accident  equation.  This  can 
not  serve  as  a  measure  of  tempo.  On  the  other  hand,  if.  the  natural 
values  are  normalized  by  dividing  each  by  some  pre- determined  average 
x^  value,  the  equation  then  becomes  mathematically  meaningless,  since 
the  x^  quantities  will  be  unitless  and  the  regression  coefficients  will  not. 

A  second  and  more  important  reason  the  regression  coefficients 
cannot  be  used  as  weights  stems  from  the  nature  of  the  regression 
coefficient.  The  regression  coefficients  dictate  the  amount  of  incrcr.c '. 
in  the  dependent  variable  resulting  from  a  unit  increase  in  the  indicated 
independent  variable,  while  the  other  independent  variable g- are  held 
constant.  If  two  of  the  independent  variables  are  high:.'.'  into x •; 
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then  they  may  each  have  approximately  the  same  regression  coefficient. 
This  coefficient  cannot  be  used  as  a  weight  because  it  causes  the  under¬ 
lying  element,  which  actually  causes  accidents,  to  ta  added  twice. 

Ar,  example  of  thiB  can  be  seen  from  the  factors  of  the  carrier  modei. 
The  number  of  hours  flown  and  the  number  of  sorties  flown  are  higlily 
correlated  and  can  have  appxoimafcel y  the  same  regression  coefficient. 
Although  a  slight  difference  in  the  accident  producing  qualities  of 
each  of  these  variables  may  be  expected,  for  the  most  part  they  will 
•be  the  same  simply  because  they  are  measuring,  j.i  different  units, 
approximately  the  same  thing. 

The  problems  with  the  regression  coefficients  lead  to  the  partial 
correlation  coefficients.  Those  coefficients  arc  relative  measures 
of  the  association  between  the  dependent  variable  and  a  given  indepen¬ 
dent  variable,  eliminating  the  effect  of  the  other  Independent  variables. 
Although  those  coefficient!!  are  always  fi actional  valuus  between  zero 
and  one,  they  arc  well  suited  for  the  tornpo  equation  because  they  are 
relative  values  end  tempo  is  to  be  u<c*»uru<i  by  an  inctx  number 
which  is  also  a  relative  value.  These  coefficients  are  unltless.  It  in 
for  this  reason  that  the  values  of  the  factors  are  also  nadc  unitlcss  by 
dividing  each  factor  by  some  pre- determined  average  value.  Thus, 
the  value  of  the  index  of  tempo  will  always  bo  uni  tin «r  since  the  right 
side  of  the  tempo  equation  is  a  sum  oi  unitless  quantities. 

The  development  of  the  tempo  equation  using  the  partial  cor¬ 
relation  coefficient  Is  based  on  the  assumption  that  tempo  and  accidents 
are  linearly  related  to  the  various  influencing  factors.  Although  it 
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is  impossible  l  inys;s^igatq the  tempo  relationship.  tip^s.  tc^j^s  .. 
never  been  measured,  it  is  not  impossible  to  chech  the  assumed 
linear  relationship  between  the  occurrence  o£  accidents  an4  the  fncppf#. 
As  previously  stated,  this  can  be  done  by  least  squares  techniques.  ) 

Even  if  the  least  squares  curves  developed  for  the  factors  are 
not  exactly  linear,  it  is  possible  that  they  may  still  be  used  if  they 
can  be  approximated  by  a  straight  line.  If  this  is  the  case,  it  must 
be  remembered  that  any  deviation  from  a  straight  line  is  a  pource  of 
error.  Since  this  analysis  deals  with  actual  data,  it  is  naive  to  expect 
that  a  perfect  straight  line  will  result.  The  amount  of  deviation  allow¬ 
able,  however,  can  be  determined  by  a  statistical  teat. 

After  collecting  data  points  from  many  cruises,  if  a  large  devia¬ 
tion  from  a  straight  line  were  observed  in  a  least  squares  analysis  of 
accident*  versus  an  important  factor,  this  would  render  the  assump¬ 
tions  of  this  thesis  invalid.  For  example,  consider  the  curves  of 
Fig.  1.  If  the  least  squares  curves  for  tb*  occurrence  of  accidents 
versus  a  particular  factor  were  to  look  like  curve  A,  this  would  show 
thAt  the  occurrence  of  accidents,  slthough  increasing  initially,  did 
not  continue  to  increase  with  this  factor.  Thus,  one  of  the  initial 
assumptions  would  have  beon  incorr  ect.  It  would  then  be  foolish  to 
adhere  to  the  assumption  that  there  was  a  direct  relationship  between 
tempo  and  the  occurrence  of  accidents,  since  this  was  based  on  the 
assumption  of  a  linear  relationship  between  the  occurrence  of  accident/* 
and  the  value  of  the  factors.  The  fact  that  tempo  increased  with  most 
factors  could  not  be  denied  bauauae  of  the  desertion  of, tempo.  .  The 
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certain  factor*,  such  a*  the  length  of  time  between  sorties,  had  a  ' v  ,,: 
tendency  to  decrease  In  value  as  tempo  increased.  Such  linear  rela-  •“ 
tiona  would  have  negative  coefficients.  '  "  h  i:A 


Accidents 


Factor 
FIGURE  1 


If  curve  A  were  actually  observed  for  an  important  factor,  the,  i 
use  of  the  partial  <  orreJetion  coefficients  as  weights  would  also  be 
invalid.  There  would  only  be  one  value  for  the  partial  correlation 
coefficient,  and  this  would  be  positive  or  negative  in  accordance  with 
the  predominate  characteristic  of  tho  curve.  If,  for  inslanco,  it  were 
positive,  tempo  would  correctly  increase  In  the  beginning  as  the  number 
of  accidents  increased  with  the  quantity  of  the  particular  factor.  At 
«ume  point,  however,  tempo  would  continue  to  incr  rase,  being  linear, 
but  the  number  of  accidents  would  decrease  oven  though  the  factor  con¬ 
tinued  to  increase.  Titus,  in  this  area  tempo  and  the  occurrence  of  1  < 
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accidents  would  be  divers! n*  and  «0c|t  deal  of  error  in  measurement 
would  evolve. 

...  .....  .  ■ 

The  situation  presented  by  curve  A  should  never  develop  if  a 
sufficient  number  of  data  points  were  available  to  insure  a  reliable  curve 
at  both  ends.  The  reason  for  this  would  be  that  if  the  upper  limit  of  the 
carrier’s  operating  capability  were  reached,  the  number  pf  accidents 
occurring  would  be  extremely  large.  Being  ar.  intuitive  notion,  this 
upper  limit  would  in  practice  never  be  reached.  .  Nevertheless, .  when 
considering  factors  which  increase  with  tempo,  there  must  be  some 
point  where  the  number  of  accidents  again  increased,  if  there  previously 
existed  a  segment  for  which  the  number  of  accidents  decreased  as  the 
factor  increased.  Unless  this  dip  or  lpvel  off  were  too  great,  this 
curve  could  probably  be  approximated  by  a  straight  line.  Under  such 
circumstances,  the  deviation  from  a  straight  line  would  indicate  the 
amount  of  error  which  must  be  accepted  if  the  assumptions  of  this  thesis 
wcrp  to  be  adopted.  An  example  of  the  type  of  deviation  which  might  be 
expected  when  using  actual  data  is  shown  by  cupve  B  of  Fig.  1.  Such  a 
curve,  with  a  level  off  or  a  dip,  would  introduce  very  little  error  apd 
would  not  invalidate  the  assumption#  of  this  thesis.  The  reason  for 
accepting  a  certain  amount  of  error  ip  the  accident  curve  would  be  due 
to  the  many  outside  effects  on  the  causes  of  accidents  whic^  were  impos¬ 
sible  to  take  into  consideration.  Thus,  it  would  be  difficult  to  obtain  a 
otraight  line  from  using  actual  data  even  if  this  were  the  true  underlying 
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At  one  time  it  was  thought  that  perhaps  the  procedures  introduced 
in  this  thesis  could  be  applied  to  a  curve  that  was  similar  to  curve  A  of 
Fig.  1.  This  would  he  accomplished  by  breaking  the  curve  into  three 
segments  and  approximating  each  segment  with  a  atright  line  with 
only  a  small  amount  of  error.  However,  this  would  be  incorrect  because 
it  would  contradict  the  assumption  of  a  linear  relationship  between  tempo 
and  the  occurrence  of  accidents  for  any  given  factor. 

This  chapter  introduces  the  assumptions  upon  which  thiB  thesis 
is  based.  Tempo  is  linked  to  the  occurrence  of  accidents  because  the 
two  quantities  have  a  great  deal  in  common.  The  partial  correlation 
coefficients  are  used  as  weights  for  the  various  factors  in  the  tempo 
equation  since  they  have  the  desired  qualities.  This  can  only  be  done, 
however,  if  each  factor  is  taken  to  have  an  equation  o  the  same  degree 
in  its  least  squares  relationship  with  the  occurrence  of  accidents.  The 
assumption  of  a  linear  relationship  is  made  because  it  intuitively  seems 
to  fit  the  situation  for  the  majority  of  factors.  This  linear  relation-  1 
ship  is  the  basic  foundation  of  the  ideas  advanced  in  this  thesis.  The 
only  method  available  to  check  the  linear  relationship  is  to  check  the 
relationship  between  the  measurable  quantities,  accidents  and  the 
various  factors.  This  is  achieved  by  means  of  least  squares  analyses 
in  the  next  chapter.  1  '  '  '  ’’  "'•*  " 
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‘  4 RELATIONSHIPS  BETWEEN  INDIVIDUAL 
FACTORS  AND  ACCIDENTS 

To  investigate  the  accident  relationship  introduced  in  the  last 
chapter,  all  accidents  related  to  the  flight  deck,  including  aircraft 
accidents  and  incidents,  support  gear  accidents,  and  human  accidents 
were  combined  daily  into  a  dependent  variable.  Corresponding  to  this 
dependent  variable,  there  was  a  value  for  each  of  the  operating  factors 
which  was  the  independent  variable.  Using  the  observed  data  points  of 
one  factor  at  a  time,  the  model  ■  1‘"  1 

k=0 

was  employed  where  the  dependent  variable,  denoted  the  number  of 
accidents  in  the  i-th  time  period,  represented  the  value  of  the  particu¬ 
lar  independent  variable  for  this  same  time  priod,  Q  represented  the 
deviation  of  the  y.  from  the  average  number  of  accidents,  and  n  was  the 
order  of  the  particular  poiynnmiel  derived.  This  equation  was  solved  by 
the  method,  of  least  squares  to  determine  the  values  of  the  least  squares 
estimators,  a^,  for  the  parameters,  a^.  The  values  of  the  least 
squares  estimators  were  then  used  in  the  model  wi'.h  the  Xj  values  to 
determine  the  values  of  the  9^  The  values  of  the  y.-  were  combined  with 
their  corresponding  x^  value  to  produce  points  which  formed  the  least  1 

squares  curve.  ■  1  •  1  ■  ' 1 ' L  ' 

By  subtracting  each  y^  from  yji  the  residual,  or  amount  of  error 
for  each  point  was  found.  Using  r^,  the  value  of  the  residual,  M,  the 
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total  number  of  data  points,  and  n,  the  order  ol  the  polynomial,  the  root 
mean  square  error,  s,  was  found  by  means  of  the  fallowing  equation: 


The  value  of  s  was  then  used  to  determine  which  order  polynomial 
the  best  fit  for  the  data. 

The  above  procedures  were  applied  to  certain  data  from 
FORRESTAL's  last  Mediterranean  cruise  in  an  effort,  to  determine 
the  type  of  relationship  between  the  daily  number  of  accidents  and  thij 
different  operating  factors.  Since  information  was  not  available  for 
all  factors  which  were  previously  discussed,  only  the  following  factors 
were  investigated: 

,  .  .  & 

1.  Number  of  hours  flown  per  day 

2.  Number  of  hours  flown  per  night 

3.  Number  of  sorties  flown  per  day 

.  4.  Number  of  sorties  flown  per  night 

C  XT _ _ V. _ -i  i 

^ •  iTUiiiuci  ui  aiitiou  airuma 

6.  Number  of  aircraft  available  for  operations 

7.  Number  of  hours  per  work  day 

8.  Average  number  of  recoveries  per  cycle 

9.  Number  of  days  at  sea  during  the  current  operating  period 

10.  Number  of  days  on  current  cruise 

All  of  these  factors  except  the  number  of  aircraft  available  for  opera¬ 
tions  and  tire  average  number  of  recoveries  per  cycle  were  included  in 
the  original  list.  Since  the  data  were  read'ly  available,  these  two  factors 
were  also  investigated  out  of  curiousity  to  see  what  their  relation  with 
accidents  would  be  under  the  least  squares  method 
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FORRESTAL  operated  l07  days  dicing  thiB  cruise.  Therefore, 

j  there  were  10?  data  points  available  for  each  pf  the  above  factors.  A 

.  “  .  r»  *  .  '  :  J 

I 

least  squares  curve  of  first,  second,  and  third  order  was  fitted  to  the 
collection  of  data  points.  All  three  curves  were  plotted  on  the_same  ' 
graph  for  comparison  purposes. 

Fig.  2  shows  the  plot  of  the  three  least  squares  curves  for  the 
number  of  hours  flown  per  day  versus  the  daily  number  of  accidents. 

The  second  order  curve  is  the  best  fit  according  to  the  root  mean 
square  (P.MS)  error  term.  Although  it  can  not  be  denied  that  after  mar.y 
cruises  are  observed,  the  same  type  curve  can  still  result,  intuitively, 
this  does  not  seem  likely.  Beyond  240  houro  the  curve  is  based  only  on 
.  five  data  points.  Evidently,  these  points  have  very  littie  influence  ondhe 
j  linear  curve  which  tends  to  increase  as  the  number  of  hours  flown 


increases.  It  appears  that  the  best  curve  will  probably  never  be  a 

V 

..  .  ^ 4 

straight  line  even  after  many  cruises  have  been  investigated.  However, 
if  future  iuvestigations  show  that  intuition  is  correct,  the  curve  will 
have  a  positive  slope  at  higher  values  of  x^.  This  may  occur  after  a 
short  level  off  or  even  a  small  dip.  Nevertheless,  it  seems  that  even 

.  I 

;  with  such  inconsistencies,  the  curve  can  be  approximated  by  a  straight 


line  with  very  little  error.  The  exact  amount  of  error  acceptable  iB 
not  easily  determined.  The  situation  wib  have  to  investigated. 


{  keeping  in  mind  that  very  small  changes  of  accir  snts  will  bo  seen  as 
-  ■  j 

I  large  changes  along  the  ordinate  axis.  Only  then,  if  a  curve  is  con- 
i 


sidered  within  reasonable  limits,  can  a  decision  be  made  to  use  the 

!  ! 
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The  curves  for  the  number  of  sorties  flown  per  day  versus  the 
daily  cumber  of  accidents  were  approximately  the  same  as  Fig.  2,  knd 
therefore  were  not  included.  It  was  net  surprising  that  there  was  npt 
*  cadicgj.  difference  since,  they  were  each  the  measure  of  approximately 
the  same  thing,  only  in  different  terms.  There  was,  however,  enough 
difference  ?hat  it  was  decided  worthwhile  to  include  both  in  the  research. 

Fig.  '  ia  «  least  squares  plot  of  the  number  of  hours  flown  per 
night  versus  the  da  ,1*  number  of  accidents.  The  curve  labeled  Y-02 
is  the  first  order  least  squares  curve.  The  other  curve  represents 
both  the  second  order  and  third  order  which  are  the  same  in  this  case. 

A  check  of  the  RMS  error  quantity  reveals  that  vhe  first  order  is  the 
beat  fit  and  that  the  aecond  OTder  is  the  second  beet.  Although  a  straight 
line  is  the  best  fit  for  this  factor  when  based  on  FOP.RESTAL’s  10? 

data  points,  it  is  risky  to  assume  that  investigations  of  future  cruisqa 

.  i. 

by  different  ships  will  show  the  same  relationship.  This  first  investiga¬ 
tion  is  encouraging  and  does  indicate  that  future  investigations  r.»«y  at 
least  be  represented  by  a  curve  that  can  be  closely^approxipnAted  by* 
straight  line.  Even  more  encouraging  is  the  fact  that  this  curve  shows 
an  increase  in  accidents  as  the  number  c  7  hour*  flown  at  night  increases. 
This  me. y  not  seem  important  since  it  follows  one's  intuition.  However, 
other  factors  to  be  discussed  show  curves  which  are  not  eo  agreeable 

*  1  t 

with  one'f  intuition. 

There  is  a  large  enough  difference  between  the  curves  of  the 

,  < 

cumber  of  hours  flown  per  night  and  the  curves  of  the  number  of 
•ortzea^flowo  p«r  that  the^i^tter  curvep  ar*  -showp^in  Fig,  4,^. v' 
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However,  this  difference  is  very  unreliable  uecauit  it  results  primarily 
.^rorx>  *  single  data  point  (70  night  sortie b,  4  accidents)  which  is  the  only 
data  point  beyond  57  night  sorties  flown  for  thiscniise.  Ao  expected, 
—the  first  order  curve,  Y~04,  shows  little  influence  fropn  this  single 
data  point.  The  first  order  curve  is  also  the  best  fit  according  to  the 
RMS  error  quantity.  The:  jfore,  the  apparent  difference  between  the 
night  hours  and  the  night  sorties' curves  is  actually  of  little  consequ  ence 
and  may  be  overlooked. 

In  the  original  list  of  factors,  the  lumber  of  aircraft  aboard  is 
included  as  a  factor  to  be  considered  only  once  when  comparing  the 
operations  of  different  carriers.  In  this  respect  it  is  similar  to  the 
factor,  size  of  carrier.  It  is  possibly  a  balance  for  the  comparison  of  a 
large  carrier  and  a  small  carrier  since  operations  are  carried  out 
more  easily  on  a  large  carrier  than  »  small  carrier.  However,  a  large 
carrier  hat  mere  aircraft  which  tends  to  increase  the  difficulty  of 
operations.  Fig.  5  is  also  the  factor,  number  of  aircraft  aboard,  plotter 
against  the  daily  number  of  accidents.  Yet,  tills  factor  differs  from  the 
former  factor  of  the  same  name,  because  it  can  be  plotted  on  the  graph 
since  it  has  a  daily  value. 

When  investigating  FORRESTAL's  records,  a  deli/  fluctuation  of 
the  total  number  of  aircraft  aboard  is  noted.  This  daily  change  results 
from  such  events  as  visiting  aircraft,  aircraft  diverted  or  sent  ashore 
tor  various  reasons,  and  aircraft  lost  in  accidents,  Sir.ce  the  normal 
daily  value  is  between  76  and  82,  the  area  outside  thiB  region  on 
Fig.  b.  As  not  very  reliable.  jVfjthln  this  fJigfion,  the  fj.jot  order 
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Jo  still  the  beat  fit.  As  previously  shown  by  the  I£Mf  error  quantity,  the 

i 

entire  carve  it  fitted  beet  by  a  line,  bat  within  this  region  the  fit  is 
even  better.  : 

An  important  point  to  be  noted  frorp  Pig.  5  is  the  negative  slope 
for  ail  curves.  This  implies  that  the  number  of  accidents  decreases  as 
the  number  of  aircraft  aboard  increases.  This  is  certainly  true  in  the 
extreme  case  where  operations  and  thus  accidents  almost  come  to  a 
stop  due  to  an  excessive  number  of  aircraft  aboard.  Only  through  future 
investigations  of  cruises  of  many  ships  will  it  be  possible  to  determine  if 
this  factor  retains  its  linpar^ty  and  negative  slope.  A s  was  mentioned 
earlier,  this  factor  is  net  included  in  the  manner  originally  intended. 

In  actuality,  it  seems  that  this  factor  may  not  be  very  important  when 
considered  from  this  point  of  view.  It  appears  accidents  do  not  neces¬ 
sarily  increase  simply  because  the  number  of  aircraft  increases,  e»cept 
in  cases  of  an  extremely  large  increase  or  decrease  in  the  number  of 
aircraft  aboard.  Or*  a  non.tal  cruise  there  is  very  little  daily'  fluctua¬ 
tion  in  the  number  of  aircraft  aboard.  If  there  is  a  change  of  only  one  or 
two  Aircraft  out  of  eighty  or  mot  e,  this  ^eerni  to  have  very  little  effect 
on  the  occurrence  of  accidents.  ' 

The  factor,  number  of  aircraft  available  for  operations,  was 
investigated  out  of  curiousity  since  data  were  available  for  it,  and  it 
to  hava  a  possible  influencing  value.  This  factor  is  reported, 

i  = 

after  daily  operations,  as  th$  number  of  aircraft  expected  available 
for  the  following  day'e  operations.  Since  it  is  the  expected  number, 
there  is  probably  a  certain  amount  of  variation  in  this  number  and  the 


actual  number  of  aircraft  available.  For  ihi>»  reason  the  value  of  the 
resulting  curves  is  considered  to  be  limited.  Fig.  6,  shows  the  least 

\  •  ‘  i  t 

squares  plot  of  this  factor  versus  the  daily  number  of  accidents.  By 
the  RMS  error  term,  the  second  order  gives  the  best  fit,  and  thq^irst 
order  the  second  best  fit.  The  area  of  reliability  is  between  5  7  and  69 
siircraft.  Since  there  is  a  definite  upward  turn  at  higher  values,  it  is 
possible  that  this  variable  cannot  tu  approximated  by  a  straight  line. 
Further  otudy  is  required  if  this  factor  is  to  be  included  in  the  tempo 
equation.  A  so,  the  negative  slope,  as  seen  in  Fig.  6  uoee  not  follow 
one's  intuition  since  it  implies  that  there  are  less  accidents  when  there 
arc  more  aircraft  with  which  to  work.  Again,  as  with  the  previous  factor, 
the  number  of  aircraft  available  may  be  oi  little  significance.  With  very 
little  daily  fluctuation,  this  factor  also  seems  to  be  of  little  importance. 

One  of  the  most  important  factors  under  consideration  is  the 
number  of  hours  in  a  work  day.  The  daily  value  for  this  factor  is 
determined  by  summing  the  number  of  hours,  to  the  nearest  tenth,  from 
the  beginning  of  flight  operations  or  C80Q,  which  ever  is  earlier,  until 
one  and  one-h*lf  hours  alter  the  last  aircraft  lands.  This  last  considera¬ 
tion  is  an  approximation  of  the  time  required  t~  refuel  and  to  respot  the 

.  'y 

aircraft  and  to  secure  the  flight  deck.  This  is  not  the  most  accurate 

i 

manner  to  measure  this  factor,  tut  it  is  done  in  this  manner  because  an 
actual  record  of  the  number  of  hours  in  a  work  day  is  not  available. 

Fig.  7  shows  the  least  squares  curves  for  the  number  of  hours  in 
a  work  day  versus  the  daily  number  of  accidents.  In  this  case  the  third 
ui-der  is  the  _beet^iJ_,accoj£^  to  .thg,  R^j^er.tsc fit  order 
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is  the  second  best  fit.  Below  nine  ho^rs  on  the  graph  all  curves  are 
baseo  on  only  seven  data  points.  The  third  order  curve  has  a  highly 
negative  slope  in  this  area  because  of  a  single  data  point  (6.  3  working 
hours,  6  .accidentgj.  At  the  japper  end  of  the  graph  there  sre  only  four 
points  above  18  hours.  Thus,  this  area  ie  very  unreliable.  A  great 
deal  of  study  of  the  data  points  in  this  area  from  many  cruises  will  be 
required  before  the  true  shape  of  the  curve  on  the  high  side  can  be 
determined. 

It  is  difficult  to  ascertain  how  closely  a  straight  line  can  be  fitted 
to  this  factor.  Certainly  in  Mie  predominant  area  of  operations  a 
straight  line  with  a  highly  positive  slope  is  a  good  approximation. 

Toward  the  lower  values  there  is  a  definite  dip.  Keeping  in  mind  that 
these  curves  are  based  on  approximations  of  the  number  of  hours  in  a 
work  day,  which  can  be  in  error  as  much  as  one  hour,  again  the  curves 
of  the  actual  data  can  change  a  great  deal  when  obtained  from  the  cruises 
of  many  different  carriers. 

The  next  factor  to  be  considered  is  the  average  number  of  recover¬ 
ies  per  cycle.  This  factor  is  included  because  it  seems  to  have  some 
relationship  to  accidents  and  tempo  and  is  also  easy  to  measure.  The 
method  of  determining  the  average  number  is  to  divide  the  total  number 
of  recoveries  by  the  total  number  of  cycles  in  a  day.  At  timeB  it  is 
necessary  to  make  some  modifications  because  certain  cycles  consist 
of  only  one  or  two  aircraft.  In  such  cases,  these  cycles  are  not 


counted. 


The  least  squares  curves  of  the  average  number  of  recoveries 

per  cycie  are  shown  in  Fig.  8.  According  to  the  RMS  error  term,  the 

*  1 

third  order  is  the  beet  fit  and  the  eecond  order  is  the  second  best  fjt. 

>: 

The  segment  of  reliability  commences  around  eight  and  two  tenths  : 

l 

launches  and  runs  to  approximately  22  and  three -tenths  launches. 

Outside  this  segment  there  are  only  four  data  points  on  the  low  side 
and  six  data  points  on  the  high  side.  The  resulting  curve  has  u  definite 
positive  slope  and  can  be  approximated  more  efficiently  with  a  straight 
line  than  the  entire  length.  Of  course,  a  certain  amount  of  error  will 
have  to  be  accepted  when  this  factor  is  approximated  with  a  straight 
rme  as  presently  shown.  Again  a  great  deal  more  analysis  is  necessary 
before  this  factor  can  bo  included  in  tho  tempo  equation. 

Intuitively,  the  number  of  consecutive  days  at  sea  for  a  given 
operating  period  may  have  little  direct  affect  on  the  accident  rate  or 
tempo.  However,  this  factor  may  have  an  indirect  affect  on  morale  and 
fatigue.  In  contrast  with  some  of  the  other  factors,  the  importance  of 
this  factor  ia  not  obvious.  The  possibility  that  it  may  have  soruv>  ujiknown 
influence  is  sufficient  reason  to  justify  its  thorough  investigation. 

The  method  of  measurement  for  this  factor  is  to  commence  count¬ 
ing  days  the  day  the  carrier  puts  out  to  sea,  and  to  cease  counting  on 
the  day  she  returns  to  port  for  liberty.  Normal  "at  see.  periods"  for 
FORRESTAL  verc  from  four  to  eight  days  duration.  On  only  two 
occasions  did  FORRESTAL  remain  at  sea  longer  than  12  days.  Thje 
fact  tends  to  decrease  the  creditability  beyond  the  1?  day  pcLu  un 
Fig.  9,  which  is  ^plot  of  this  factor  versus  the  daily  number  of  (residents 
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using  the  predicted  value  determined  by  the  method  of  least  squares. 
Because  the  upper  portions  of  the  plots  are  based  on  such  a  small 
number  of  data  points,  they  are  extremely  difficult  tc  analyze  ?rith  *zy 
degree  of  confidence.  If  only  the  lower  half  of  the  plots  are  considered, 
the  coefficient  of  the  first  order  term  may  conceivably  be  positive. 
However,  taking  the  entire  curves  into  account,  the  slope  is  negative 
and  the  third  order  is  the  beat  fit  with  the  second  order  having  the 
second  best  fit.  Thus,  a  linear  approximation  of  this  factor,  as  it 
stands,  is  unsuitable. 

A  great  deal  of  additional  research  of  many  cruises  would  be  needed 
to  establish  the  correct  trend  for  this  factor  at  high  values.  If  a  linear 
approximation  were  then  made,  the  slope  should  be  obvious.  It  would  be 
possible  that  this  slope  could  be  negative.  This  would  indicate  that  the 
proficiency  gained  from  a  longer  sea  period  would  offset  the  decreased 
morale  or  increased  fatigue,  resulting  in  a  reduction  of  accidents. 

The  final  factor  investigated  with  the  FORB.ESTA'  data  is  the 
number  of  days  on  the  current  cruise.  The  reason  for  selecting  this 
factor  is  to  analyse  the  change  in  the  daily  number  of  accidents  with 
the  number  of  days  on  cruise.  The  method  of  measurement  is  to  assign 
a  number,  corresponding  to  the  number  of  days  away  from  the  home  port, 
to  each  succeeding  day.  Least  squares  curves  are  then  plotted  using 
this  number;  end  the  number  of  accidents  on  each  day  of  the  cruise. 

Fig.  10  shows  these  curves.  The  curve  which  is  the  best  fit,  as  deter¬ 
mined  by  the  RMS  error  term,  is  the  second  order  curve.  The  second 


--best  fijT*  the  first  qrder  curve.. 
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The  curves  found  in  Fig.  10  are  formed  by  connecting  the  dis¬ 
crete  points  made  up  of  a  least  squares  value  for  accidents,  measured 
on  the  ordinate,  and  an  ever  increasing  value  corresponding  vO  the 
number  of  days  on  cruise,  measured  on  the  abscissa.  Since  FORRjJSTAL 
was  on  cruise  for  224  days  and  operated  on  107  of  theae  days,  there 
are  107  data  points  with  distinct  abscissa  values  between  one  and 
224.  These  curves  differ  from  previous  curves  because  of  this  distinct 
abscissa  value.  Previous  c  rves  were  based  on  a  least  squares 
solution  of  data  points  which  had  as  many  as  ten  inputs  for  each  abccissa 
value,  and  these  abscissa  values  were  relatively  close  tpgether.  For 
this  reason  the  previous  curves  were  much  more  reliable  for  certain 
segments  than  the  curves  of  this  factor.  The  use  ox  data  from  many 
cruises  will  be  required  to  develop  curves  which  can  be  evaluated  to 
determine  this  factor's  actual  relationship  with  accidents.  As  the 
curves  in  Fig.  10  are  presented,  they  are  useful  as  a  means  to  observe 
the  trend  for  this  particular  cruise.  ThiB  has  a  great  deal  of  va^ue. 
However,  these  curves  cannot  be  assumed  to  show  what  will  always 
happen.  There  is  probably  no  such  curve  which  iB  so  perfect  as  to 
predict  this.  Nonetheless,  after  many  cruises  are  analyzed,  several 
curves  should  evolve  which  cculi  be  used  to  estimate  similar  type 
ciulsrs.  The  aliape  of  these  t  urves  -nd  their  characteiictlcs  can  or.l> 
be  determined  by  further  Investigation. 

1 

Throughout  this  chapter  the  reliability  of  the  curves  o.  the  vaxious 

factors  has  beer,  questioned  because  certain  segments  of  the  curvet 

7 ;  ?. . -  • 

48 


llll  I  I  'I  niM'wnw 


have  been  based  on  such  a  small  number  of > data  points.  If  those  curves 

were  truly  representative  of  the  relationship  between  the  particular 
factor  and  accidents,  then  a  sub- sample  of  a  sufficient  number  of  cats, 
points  should  have  a  similar  shape.  ,  - 

i 

Since  Fig.  2  represents  a  factor  considered  important,  yet  shows 
curves  of  questionable  validity,  this  factor,  the* number  of  hours  flows, 
per  day,  is  divided  into  three  sub-samples  and  each  of  these  13  investi¬ 
gated  under  least  squares  techniques.;  The  first  two  sub-samples  contain 
36  data  points,  the  last  sub- sample  contains  35.  The  curves  represent¬ 
ing  the  least  squares  investigation  s»re  shown  in  Fig.  11.  Since  there 
are  three  sub- samples,  and  each  is  checked  for  the  first,  second,  and 
third  order,  there  are  nine  curves  shown.  Each  of  these  curves  has  a 
four-character  label.  The  first  number  of  the  label  designates  the  sub- 
sample  where  ore  represents  the  first  36  operating  days  and  so  forth,  .:. 
The  second  number  of  the  label  designates  the  order  used  to  determine 
the  particular  curve.  The  final  letter-number  combination  designates 

the  factor  or  variable  number.  . . 

The  curves  of  Fig.  1.1  are  in  three  groups..  The  curves  of  the 
first  oub- sample  are  grouped  in  the  middle  of  the  figure.  The  linear 
curve  is  the  best  fit  according  to  the  RMS  error  term.  It  also  has  a 
definite  positive  slope.  The  curves  of  the  second  sub- cample  '  r  ;  loc'  Md 
in  the  upper  area  of  Fig.  11.  The  third  order  curve  is  the  best  fit. 
also,  the  linear  curve  ban  a  positive . slope.  T’ie  curves  o  ’  the 
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second  order  curve  is  the  best  fit.  In  this  case,  the  first  order  curve, 

: .  -  J  •  '  ]  Ai;  •  K  I 

which  differs  little  from  the  second  order,  has  a  negative  slope. 

■ 

The  three  seta  of  curves  of  Fig.  11  arc  completely  dissimilar. 

•  •  ,  /  ; 

Each  one  of  the  seta  is  also  different  from  the  set  of  curves  of  Fig.  2, 

however,  the  set  of  curves  of  Fig.  2  is  the  combination  of  the  three  sets 
of  curves  of  Fig.  11.  The  difference  between  Fig.  2  and  Fig.  11  is  not 
surprising,  and  it  points  out  the  weakness  of  accepting  Fig.  2  as 
singularly  representative  of  the  true  relationship  between  the  number 
of  hours  flown  per  day  and  the  daily  number  of  accidents.  The  curve 
which  does  represent  this  relationship  can  surely  only  be  developed 
after  a  great  deal  more  data  are  included. 

This  chapter  shows  the  least  squares  relationship,  baaed  on  data 
from  a  FORRESTAL  cruise,  for  a  selected  set  of  factors.  Fig.  11,  of 
this  chapter,  is  an  example  which  shows  the  weakness  of  accepting  the 
analysis  of  a  single  cruise  as  the  true  relationship  between  the  factors 
and  the  daily  accident  rate.  Since  a  daily  value  of  almost  any  activity 
occurring  on  the  flight  deck  can  be  investigated  by  least  squares  pro¬ 
cedures,  th.*  curves  displayed  in  this  chapter  are  used  only  as  indicators 
of  possible  true  relationships.  They  also  show  how  such  analyses  can  be 
made.  However,  analyses  oi  this  type  are  based  or.  the  assumption  that 
the  data  follow  a  trend  that  can  be  expressed  by  a  mathematical  equation. 
Foi  a  trend  to  actually  exist,  there  should  be  a  certain  degree  of  associa¬ 
tion.  It  is  therefore  necessary  to  determine  the  extent  of  this  association 

between  the  factors  and  the  daily  number  of  accidents  to  ascertain  whether 
or  not  the  curves  have  any  true  value.  This  association  can  be  derived 
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by  mean*  of  a  regression  analysis  where  the  partial  correlation  coefficient 
is  employed  to  give  the  amount  of  association.  That  the  partial  cor- 

- 1  r?  ‘ 1  ‘  ■  ,  j  ;  -  >1.  i  -1  , :  ■ .  . 

relation  coefficient  is  the  same  value  used  to  weight  the  various  factors 


in  the  tempo  equation  estaolisues  two  reasons  for  carrying  out  a  regres¬ 
sion  analysis.  The  next  chapter  is  devoted  to  thi  s  regression  analysis, 

■  -  •  . IS.J.  . 

applied  to  the  same  FOilRESTAL  data  used  in  this  chapter, 

-  >  '  "  I  :  1  .  V  / ~-t  '  ‘J  1  i  ,3.3  '}  ’  .  r3  I  V  -  '•  V  'll  (  *'  1  ' 

.  h  .  \  it  -»a-  &  ?:ti‘  o 


• i.j.i :  »'i  v-. 


'I'V  •/  ►<  i\  lUCU 


fciti.  ov« 


?  .3  &  '•*  l  v  i.  "J  :;»J  tb 

^  V  * 


•IV-  -  •-.«  .  98UI1?  •  -i1  o-. )-.j 


'.t  V  .  i-  : 


!  HI  t  'I  i  .> 


rlj  L'.u, 


1 


ot! i 


.  |  ;i  ■,  ■  1 


.  ■  I  1-.  "1  V 


52 


i<  *  'apf . 


.......  nor.  j-squr  u 

CHAPTER  V 

.1  I  ■  ■  hr  .  :tr  ...  ’  .  ,•  ...  •  .  --y  ••  *?  ....  lu  YOtYS* 

MULTIPLE  REGRESSION  ANALYSIS  ii.-h  2:  u 

In  Chapter  IV.  an  effort  is  "ids  to  deteriuim:  whether  or  hot  tire  -  ; 
least  squares  curves  can  be  approximated  with  1  straight  line.  ^In  ,u’  ' 
most  cases  it  is  found  that  the  sections  which  are  extremely  curvilinear 
cannot  be  approximated  with  a  linear  curve,  however,  it  is  noted  that  •' 
these  sections  are  based  on  very  few  data  points.  In  other  cates  the 
extremely  curvilinear  rela  onship  cannot  be  denied.  For  those  cases  the 
extent  of  the  relationship  between  the  occurrence  of  accidents  and' the'  ,v- 
factor  is  questioned.  Since  it  is  possible  to  develop  least  squares  curveh 
between  any  two  sets  of  values,  whether  related  or  not,  an  analysis 
must  be  carried  out  to  determine  if  the  questioned  relationships  Hte  '■<  : 
important.  This  chapter  will  show  the  results  of  this  analysis  applied  to 
the  FORRESTAL  data.  This  is  done  to  determine  how  much  valde  to  ' 
place  on  the  inclusion  of  any  or  all  of  the  factors  in  the  accident  equation. 

-<  v  To  check  the  value  of  any  particular  relationship,  it  is  necessary 
t  >  determine  the  regression  equation  established  by  the  trend  of  the  ;  1 
least  squares  line.  The  regression  equation  is  an  average  relationship. 
Specifically,  it  is  the  equation  of  the  line  about  which  the  sum  of  the 
squares  of  the  deviation  of  the  y.  from  the  line  itself  is  at  a  minimum.  ’  * 
In  this  chapter,  however,  it  is  not  the  average  values  which  are  of 
interest,  but  rather  the  reliability  of  these  averages.  To  measure  the'1"'-1 
reliability  it  is  necessary  first  to  determine  the  regression  equation.  '  • 
This  whole  process  is  accomplished  by  means  of  a  regrereion  analysis. 
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For  a  regression  analysis,  one  measure  oi  reliability  is  the  standard 
error  of  estimate,  »,  of  the  regression  equation.  The  standard  error 
of  estimate  is  de.ined  as  the  square  root  of  the  unexplained  variance  of 
the  y.  in  the  sample  and  is  also  known  as  the  square  root  of  the  error 
mean  squares. 

Other  quantities  of  interest  in  this  chapter  are  the  partial  correla¬ 
tion  coefficients  for  the  various  factor'.  Besides  being  needed  as  weights, 
these  quantities  are  also  abstract  measures  of  the  degree  of  association 
between  the  dependent  variable  and  each  independent  variable.  The 
partial  correlation  coefficients  simply  measure  how  well  the  line  fits 
the  data.  However,  when  they  are  based  on  a  sufficient  number  of  data 
points  so  that  any  extraneous  effect  is  eliminated,  they  give  the  actual 
influence  of  the  factor  on  accidents.  An  additional  important  point  to 
note  is  that  the  maximum  value  of  the  sum  of  all  the  partial  correlation 
coefficients  is  one.  Therefore,  each  coefficient  is  a  percentage  pf  the 
total  accident  influencing  factors.  If  the  total  of  these  coefficients  does 
not  sum  to  ono,  thio  indicates  that  some  of  the  factors,  which  influence 
the  occurrence  of  accidents,  are  not  included. 

If  the  regression  equation  for  a  particular  factor  were  best  fitted 
by  the  first  order  with  a  highly  positive  slope,  this  would  indicate  that 
the  occurrence  of  .accidents  increased  rapidly  as  this  factor  increased. 

At  the  same  time,  however,  this  factor  could  have  a  very  smell  partial 
correlation  coefficient  which  would  imply  that  very  little  of  the  tot*! 
variance  or  mean  squares  was  answered  by  this  factor.  Thus,  this 
factor  wovdt  .have  very  little. responsibility,  if  any,  for  the  cayse  of 
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accidents.  In  such  a  case  the  regression  equation  would  be  a  very  poor 
fit  for  the  data  points  and  there  would  be  a  large  amount  oi  error  mean 

.  '  <  1 1  ,  ...  i  ,\  »-,  •  ,  ,  ,  i'.J  |?-»V-C  ■*  i  7  -  r 

squares. 

.  .  i  .*  :  .  1 

In  the  last  chapter  each  factor  is  investigated  individually  in  an 

■  v  :  t  -  .  i.  i 

effort  to  determine  which  type  of  least  squares  curve  best  suits  each 

4  ,r.j 

factor.  The  problem  with  this  least  squares  analysis  is  that  the  inter¬ 
action  of  factors  is  not  considered.  This  is  irdeed  important  but  cannot 
be  shown  with  graphs,  so  this  problem  is  overlooked  at  the  time  and  a 
linear  curve  is  selected  as  the  best  over-all  approximation  for  all  of  the 
curves.  Although  this  linear  assumption  is  used  in  the  regression  analysis 
of  this  chapter,  the  interaction  of  the  factors  will  no  longer  be  overlooked. 

-  '■  >  \  .  V.  .  '* 

It  may  seem  incorrect  to  consider  the  interaction  after  the  type  of  reJ?- 

**  <  -  ,  •  *  "i  *,  n  * 

tionship  is  determined.  This  is  true  if  the  assumption  and  the  underlying 
relationships  are  in  disagreement.  However,  in  such  a  case,  the  error 
will  be  evident  from  observing  very  small  partial  correlation  coefficients 
and  an  extremely  large  error  mean  squares. 

Li  carrying  out  an  investigation  which  included  ithe  interaction  of 

.  ■  t  / 

all  factors,  the  factors  had  to  be  combined  into  an  accident  equation. 

A  regression  analysis  was  then  made  for  the  group  of  factors  versus  the 
daily  number  of  accidents.  This  analysis  was  based  on  the  regression 
equation  for  accidents  which  was  found  by  use  of  a  standard  linear  mul¬ 
tiple  regression  computer  program.  Other  outputs  of  this  program  of 
interest  were:  An  over-all  F-value  based  on  an  analysis  of  variance;  a 

M  I  •  J  I 

complete  analysis  of  variance  table;  the  mean,  standard  deviation, 
regression  coefficient,  standard  error  of  the  regression  coefficient. 
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a  computed  t-value,  a  partial  correlation  coefficient, the  a i^r^f 
square*  added  for  each  factor. 

The  F-value  given  for  each  3et  of  factors  was  used  in  a  test  of 

•  .  *j  •  > 

hypothesis  at  the  .  05  level  to  determine  if  the  combination  of  factors 
in  a  particular  rup  was  of  any  significance  and  fhua  how  effective 
these  factors  were  in  reducing  the  error  mean  squares.  The  analysis 
of  variance  table  showed  how  the  total  sum  of  squares  war,  distributed. 

The  mean  and  standard  deviation  were  of  no  special  use  except  as 
indicators  of  the  situation  for  the  factor  under  analysis.  The  regression 
coefficient  was  divided  by  the  standard  error  of  the  regressiou  coefficient 
to  produce  the  t-value.  This  t- value  was  used  in  a  test  of  hypothesis  ^ t 
the  .  05  level  to  see  if  there  was  any  statistical  reason  to  believe  that 
the  value  of  the  regression  coefficient  given  was  different  from  zero, 
and  thus,  whether  the  factor  under  study  should  be  included  as  one  of  the 
influencing  factors.  Another  use  of  the  regression  coefficient  was  the 
determination  of  the  slope  of  the  relationship,  between  the  factor  and 
the  number  of  accidente,  from  the  sign  the  coefficient  carried.  The 
next  value,  the  partial  correlation  coefficient  of  a  particular  factor, 
carried  the  same  sign  and  could  also  be  used  to  determine  the  elope  of 
the  relationship.  This  coefficient  was  needed,  ultimately,  as  the 
weighting  value  for  the  factor  in  the  tempo  equation,  it  was  also  used 
in  the  analysis  as  a  means  of  relative  comparison  for  the  factors. 

This  comparison,  however,  was  primarily  accomplished  in  absolute  terms 
by  means  of  the  sum  of  squares  added.  This  quantity  indicated  how.  nwch 
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For  this  reason  it  seeirg  appropriate  to  comment  on  tine  problem.  It 
is  impossible  to  account,  for  all  of  the  variance  in  a  study  such  as  this 
because  it  deals  with  human  facicrs.  If  only  30  percent  remain*  unexplained 
after  all  factors  are  included,  a  human  factors  study  can  be  considered 
highly  successful.  This  is  because  human  situations  may  not  lend  them¬ 
selves  to  a  good  statistical  analysis  due  to  their  tremendous  amount  of 
variability. 

With  only  17  percent  of  the  variance  explained  by  the  ten  factors 

> 

of  this  thesis,  it  is  doubtful  that  as  much  as  50  percent  would  be 
explained  even  when  the  other  factors  are  included.  Exactly  why  this 
is  the  case  is  difficult  to  resolve.  It  is  even  possible  that  there  is 
actually  very  little  relation  between  the  occurrence  of  accidents  and  the 
suggested  factors.  Thus,  any  mathematical  relationship  shown  will 
occur  only  by  chance.  Even  if  some  type  of  relationship  does  exist, 
it  may  be  that  the  linear  assumption  is  inappropriate  for  some  or  all 
of  the  factors.  The  possibility  alto  exists  that  the  sample  apace  based 
on  FORP.ESTAE'c.  cruise  is  inaccurate.  It  can  also  be  that  this  sample 
•pace  is  inappropriate  as  a  single  study  because  too  much  of  the 
unexplainable  human  aspect  entered  into  this  particular  sample  space. 
Regardless  of  the  actual  cause  of  the  targe  amount  of  unexplained 
variance,  tho  situation  can  only  be  resolved  by  additional  study  of  a 
larger  sample  space. 

Returning  to  the  first  case  under  study,  the  next  value  investigated 
was  the  computed  t-value  for  eaci.  factor.  This  value  was  compared 
against  a  t-value  obtained  from  a  t  table  in  order  to  test  the  hypothesis 

r.  •  '  •  -  * 
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that  the  regression  coefficient  was  equal  to  zero..  If  the  computed 
t-value  was  greater  than  the  t  .bJe  t-value,  the  hypothesis  was  rejected. 
Tills  was  observed  for  only  two  factors,  the  daily  nun  ber  of  aircraft 
aboard  and  the  number  of  days  on  the  current  cruise.  Also,  these  two 
factors  had  the  only  partial  correlation  coefficients  which  were 
statistically  different,  from  zero.  In  both  cases  the  coefficients  were 
negative.  These  results  were  disappointing  because  these  two  factors 
were  intuitively  of  least  importance.  Logically,  the  sign  of  the  factor 
and  the  number  of  aircraft  aboard  should  have  been  positive.  Of  course, 
one's  intuition  could  be  wrong  in  either  c&sc,  but  it  would  seem  that 
different  results  would  be  derived  from  a  larger  sample  space. 

The  last  value  of  interest,  in  the  first  case,  was  the  cum  of 
squares  added  for  each  factor.  This  showed  that  only  one  other  factor, 
the  number  of  hours  flown  per  nipr* ,  Was  effective  in  reducing  the  error 
mean  squares.  However,  thit  /a  '/or  had  a  very  small  positive  regres¬ 
sion  coefficient,  computed  t-value,  and  partial  correlation  coefficient. 
Before  the  partial  correlation  coefficient  of  this  factor  would  test  signifi¬ 
cantly  different  from  zero,  a  sample  space  of  over  10,  000  data  points 
would  be  required,  if  the  value  of  this  coefficient  were  to  remain  the 
same  with  the  increase  in  sample  space.  Since  this  would  be  an  intuitively 
important  factor,  it  would  be  hoped  that  this  coefficient  would  greatly 
inciease  when  obtained  from  a  larger  sample  space,  thus,  requiring  a 
great  deal  fewer  data  points  to  check  significantly  different  from  zero. 

To  further  check  the  sample  space  against  the  ten  factors,  it  was 
divided  i:-.u  three  approximately  equal  sub-samples  to  correspond  with 


the  beginning,  middle,  and  end  of  the  cruise.  The  firet  sub-sample 
consisted  of  the  data  from  the  first  36  operating  days  and  the  second 
and  third  sub-samples  followed  accordingly.  A  regression  analysis  was 
then  performed  on  each  of  these  sub- samples,  and  in  addition,  on  the 
three  possible  combinations  of  these  sub- samples.  These  six  different 
regression  analyses  were  carried  out  in  order  to  investigate  the 
reliability  of  the  first  analysis  of  the  entire  sample  space.  The 
results  were  as  one  might  expect  due  to  the  small  amount  of  explained 
variance  for  the  total  sample  space.  No  two  cases  of  the  separate  sub- 
samples  or  even  combinations  of  the  sub- samples  were  the  same. 

Only  the  first  and  third  sub- samples  of  the  three  separate  $ub- 
aamplee  proved  to  be  significant  by  the  F-test.  In  both  of  these  cases, 
over  50  percent  of  the  total  variance  was  explained.  Even  with  Btich 
a  large  amount  of  explained  variance,  only  one  regression  coefficient 
and  two  partial  correlation  coefficients  were  significant  for  the  first 
case.  In  the  third  case  only  one  of  the  regression  coefficients  and  none 
of  the  partial  correlation  coefficients  were  significant.  For  the  second 
case,  which  was  itself  insignificant,  all  of  its  regresBion  coefficients 
and  partial  correlation  coefficients  were  insignificant. 

According  to  the  F-test  at  the  .  05  level,  all  fh.ee  of  the  analyses 
o.;  the  combinations  were  determined  to  be  sigmfi-  ant.  The  amount  of 
.(.riance  explained  by  each  combination  was  sligh!ly  over  one-third.  In 
each  combination  only  one  factor  was  tested  to  have  a  significant 
regression  coefficient  and  partial  correlation  coefficient.  This  factor 
was  different  in  each  case. 


60 


The  concept  of  dividing  cruises  into  sub-samples  is  important  and 
should  receive  additional  research.  It  is  possible  that  the  assumptions 
of  this  thesis  are  more  applicable  to  only  one  phase  oi  operations  at  a 
time.  For  example,  the  data  from  many  cruises  can  be  divided  into 
two  halves,  one  half  corresponding  to  the  first  part  of  the  cruise  and 
the  other  half  corresponding  to  the  latter  part  of  the  cruise.  Another 
possibility  is  to  divide  the  data  from  the  cruises  into  three  phases,  a 
beginning,  a  middle,  and  an  end,  similar  tc  the  sub- samples  presented 
in  this  chapter.  There  are  other  possible  sub- samples,  but  due  to 
research  limitations,  only  the  two  cases  presented  here  will  probably 
be  worth  investigating. 

One  problem  encountered  in  all  cases  studied,  which  haB  only 
been  briefly  mentioned,  wa6  the  problem  of  the  sign  of  the  various 
factors.  All  but  two  of  the  ten  factors  investigated  would  seem  to  require 
positive  signs.  In.  many  of  the  regression  analyses,  however,  this  was 
not  the  case.  In  one  case  as  many  as  seven  of  the  factors  had  negative 
signs.  This  was  an  unusual  case  which  was  tested  to  be  insignificant. 
Normally  only  four  of  the  factors  had  negative  coefficients.  Two  of  the 
factors  were  those  which  seemed  to  require  a  positive  sign,  the  number 
of  sorties  flown  per  day  and  the  total  number  of  aircraft  aboard.  The 
other  two  factors  which  vere  consistently  negative  and  intuitively  should 
be  negative  were  the  number  of  days  at  sea  during  the  current  operating 
period  and  the  number  of  days  on  the  current  cruise. 

The  question  of  the  proper  sign  is  actually  r.o  problem  until  the 
coefficient  is  tested  to  be  significantly  different  from  zero.  Until  this 
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time  the  sign  can  be  used  only  as  a  possible  indicator  of  the  direction 

Of  the  trend.  For  this  reason  it  is  important  to  determine  if  any  of  the 

factors  -.vill  become  significant  when  other  factors  are  deleted  from  the 

regression  analysis.  Deleting  factors  is  the  same  as  decreasing  the 

number  of  constants  in  the  regression  equation.  This  has  the  same 

effect  as  increasing  the  sample  size  because  it  increases  the  number 

of  degrees  of  freedom.  It  is  entirely  possible  that  future  analyses  will 

determine  that  tY  e  beat  equation  for  the  accident  regression  requires  a 

great  deal  less  than  the  previously  mentioned  19  factors.  No  doubt  a 

more  complex  equation  can  be  selected  which  fits  the  data  more  closely, 

but  it  is  always  best  to  give  preference  to  equation  tynes  with  a  small 

number  of  constants  if  tne  consequence  is  not  a  markedly  poorer  fit. 

Normally  the  simpler  the  equation,  the  more  reliable  are  the  results. 

Although  reducing  the  number  of  factors  car.  never  increase  the 

->  nount  of  variance  explained,  it  can  affect  the  circumstances  to  such  an 

10  tent  that  the  factors  remaining  in  the  analysis  no  longer  have  insigni-  | 

fica  '  regression  coefficients  or  partial  correlation  coefficients.  For  ; 

! 

this  i  ason  two  different  rnalyses  were  made  with  a  reduced  number  of  | 

factors.  These  analyses  were  made  first  using  the  total  sample  space  ! 

I 

then  using  the  six  different  sub- sample  spaces.  ! 

Six  out  of  the  seven  cases  studied,  using  all  ten  factors  were  shown  J 

to  be  significant.  Consequently,  it  would  have  been  easy  to  make  at 
least  six  out  of  the  seven  cases  test  significant  with  the  reduced  number 

* 

of  factors  simply  by  keeping  only  those  factors  with  a  large  sum  of 
squares  added.  This  would  not  be  absolutely  correct,  but  would  work 
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satisfactorily  for  most  situations.  It  was  decided,  however,  that  when 
reducing  the  number  of  factor  s  this  obvious  case  would  be  omitted.  What 
would  happen  tc  those  factors  which  were  intuitively  of  greatest  import¬ 
ance  seemed  to  be  of  more  interest.  For  this  reason  only  those  factors 
were  retained  in  the  regression  analysis. 

The  first  situation  studied  was  a  reduction  of  the  original  list  of 
factors  to  five  factors.  The  factors  retained  ii  -he  analysis  were  the 
number  of  hours  flown  per  day,  the  number  of  'lOv.rs  flown  per  night, 
the  number  of  sorties  flown  per  day,  the  number  of  sorties  flown  per 
night,  and  the  number  of  hours  in  a  work  day.  Only  two  of  the  seven 
possible  cases  proved  to  be  significant  by  the  F-test.  One  of  these  cases 
was  the  regression  analysis  of  the  third  sub- sample.  In  this  case  the 
amount  of  variance  explained  was  reduced  from  slightly  over  one-half 
to  slightly  over  one-tlrird  by  deleting  five  of  the  factors.  The  regression 
coefficient  and  partial  correlation  coefficient  of  only  one  factor,  the 
number  of  hour c  in  a  work  day,  vested  eignineantly  different  from  aero. 
However,  thi&  was  not  ar.  improvement  since  this  was  the  only  factor 
whose  regression  coefficient  and  partial  correlation  coefficient  also 
tested  significantly  different  from  zero  when  all  ten  factors  were  in  the 
regression  equation. 

The  only  other  case,  which  also  tested  significantly  different  from 
zero,  was  made  up  of  the  combination  of  sub-samples,  one  and  two.  In 
this  case,  the  amount  of  variance  explained  was  reduced,  by  d  dieting 
the  five  factors,  from  over  one-fourth  to  slightly  over  one-fifth.  None 
of  the  five  remaining  factors  were  deterndned  to  have  regression 
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coefficients  or  partial  correlation  coefficients  significantly  di.ffeiem 
from  zero.  This  was  a  slight  degradation  since  one  of  the  deleted 
factor’s  regression  coefficient  and  partial  correlation  coefficient  had 
previously  been  tested  significantly  different  from  zero. 

After  the  analysis  was  completed,  it  was  obvious  that  the  situation 
had  actually  weakened  when  the  original  number  of  factors  was  reduced 
to  only  five.  However,  realizing  that  the  number  of  hours  flown  per 
day  and  night  was  highly  related  to  the  number  of  sorties  flown  per  day 
and  night,  it  was  decided  to  eliminate  the  former  two  factors.  This 
could  possibly  improve  the  situation.  Thus,  only  the  latter  two  factors 
and  the  number  of  hours  in  a  work  day  remained.  These  three  factors 
v/ere  then  analyzed  by  means  of  the  linear  multiple  regression  computer 
program.  Since  the  elimination  of  the  two  factors  which  were  highly 
correlated  to  the  two  factors  remaining  in  the  analysis  had  the  effect  of 
increasing  the  number  of  degrees  of  freedom  without  significantly  reduc¬ 
ing  the  explained  variance,  some  improvement  was  observed.  The 
improvement,  however,  was  not  of  sufficient  magnitude  to  encourage  the 
idea  that  a  simple  equation,  based  on  only  a  few  factors,  would  be  the 
beat  type  of  equation  for  the  regression  analysis.  Only  one  additional  case, 
the  second  sub-sample,  was  seen  to  pass  from  the  realm  01  insignificance 
to  significance. 

The  most  important  case,  the  one  based  on  the  entire  sample 
space,  proved  to  be  almost  significant  from  zero  when  only  three  factors 
were  included  in  the  regression  equation.  In  this  case  the  three  partial 
correlation  coefficients  were  positive  and  their  relative  size  turned  out 
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to  be  an  ideal  example  of  how  one  would  intnfively  weight  the  three 
factors  in  a  tempo  equation.  The  desired  pituation,  after  extensive 
data  were  mvestigated,  would  be  to  have  an  outcome  of  the  partial 
correlation  coefficients  for  the  three  fac  tors  enter  at  a  significant  level 
with  the  approximate  values  found  in  this  case  study.  In  addir'on  at  least 
three  to  five  other  factors  shou.  d  have  significant  partial  correlation 
coefficients  and  be  included  in  ti  e  equation,  while  the  total  sum  of  all 
the  partial  correlation  coefficei.its  should  be  around  seven-tenths.  If 
this  were  the  case,  a  tempo  equation  using  the  daily  normalized  x^ 
values  of  each  of  the  factors  could  be  established.  Since  the  values  of 
the  partial  correlation  coefficients  were  .  0468  for  the  number  of  sorties 
flown  per  day,  .  1722  for  the  number  of  sorties  flown  per  night,  and 
.  0iS7  for  the  number  of  hours  in  the  work  day,  an  equation  used  to 
determine  the  index  of  tempo  might  begin  to  look  like  the  following: 

T  =  .  0468x ,  +  .  1722x?  +  .  0187x3  +  •  •  • 

This  would  imply  that  night  sorties  were  three  to  four  times  more 
important  in  determining  tempo  than  day  sorties,  and  that  day  sorties 
were  two  to  three  times  more  important  in  determining  tempo  than  the 
number  of  hours  in  the  working  day.  Note  that  since  the  x-  would  be 
fractions,  tempo  would  end  up  as  a  fraction.  This  would  not  matter 
because  tempo  should  be  a  relative  measure.  The  decimal  place  could 
be  moved  two  places  to  the  right  in  each  weight  with  the  conseq  lence 
that  tempo  would  evolve  a  whole  number  plus  a  fraction,  if  tliis  were 
desired. 
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Since  the  linear  regression  analysis  was  fo'c  the  most  part 
insignificant,  the  next  step  was  to  analyze  the  effect  of  applying  a 
second  order  regressio.  equation  to  the  entire  sample  space.  This  was 
performed  by  checking  each  individual  factor  plus  it6  square  in  the 
regression  program.  The  results  of  this  effort  showed  that  only  three 
of  the  ten  cases  were  Significant.  Out  of  the  three  significant  cases, 
only  the  factor,  number  of  days  on  current  cruise,  had  significant 
regression  coefficients  and  partial  correlation  coefficients.  This  type  of 
analysis  was  used  only  as  an  indicator,  just  as  the  least  squares  curves 
were  used.  It  was  not  the  individual  factor  which  was  actually  of  interest, 
but  rather  how  these  factors,  when  combined  with  other  factors  seemed  to 
affect  the  occurrence  of  accidents.  For  this  reason  the  next  procedure 
wa6  to  use  the  values  of  the  ten  factors  and  their  squared  values,  for 
a  total  of  20  factors,  in  a  single  regression  analysis.  With  the  20 
factors  in  the  equation,  instead  of  ten,  the  amount  of  explained  variance 
was  increased  one -tenth.  The  effect  of  the  decrease  in  the  number  of 
degrees  of  freedom  without  a  substantial  increase  in  the  amount  of 
explained  variance  caused  the  entire  analysis  to  become  insignificant. 
This,  of  course,  was  a  decline  in  the  ability  of  this  group  of  factors  to 
effectively  approximate  the  data.  Recalling  that  the  linear  regression 
analysis  was  at  least  significant,  surely  then  the  relationship  of  some 
of  the  factors  must  be  beet  represented  by  a  straight  line. 

Since  again  the  five  intuitively  important  factors  v/ere  of  greatest 
interest,  a  regression  analysis  was  made  using  these  five  factors  and 
their  squared  values.  This  case  proved  to  be  even  lees  significant  than 


the  linear  case  with  none  of  the  coefficients  checking  significant.  Because 
of  thia  only  the  three  factors,  number  of  hours  flown  per  day,  number 
of  hours  flown  per  night,  and  number  of  hours  in  the  work  day,  pluB 
their  squared  values  were  included  m  the  rte\>.  analysis.  Tliis  also 
checked  insignificant  along  with  all  of  the  coefficients.  The  last 
analysis  consisted  of  the  factors,  number  of  sorties  flown  per  day, 
number  of  sorties  flown  per  night,  and  number  of  hours  in  the  work  day, 
pine  their  squared  values.  This,  too,  proved  to  be  insignificant  along 
with  all  coefficients.  Again  this  was  a  decline  in  the  ability  of  this 
particular  group  of  factors  to  effectively  approximate  the  data. 

Although  no  improvement  was  expected,  the  third  order  was  al<so 
investigated.  This  was  indeed  the  case.  Actually,  there  was  a  decline 
in  the  factor's  explaining  abilities  because  only  two  of  the  ten  cases  of 
the  individual  factor's  third  order  regression  were  significant.  As 
expected,  two  of  the  three  cases  checked  significant  in  the  second  order 
case.  However,  in  the  third  order  case,  none  of  the  coefficients  proved 
to  be  significant. 

The  only  other  analysis  carried  out  with  the  third  order  was  to 
combine  the  first,  second,  and  third  order  for  each  factor,  a  total  of 
30  variables,  and  to  run  this  combination  in  a  regression  analysis.  The 
results  of  this  analysis  also  proved  insignificant,  even  more  so  than  the 
second  order.  From  this  it  could  then  be  said  tliat  for  the  ten  factors 
selected  and  the  FORRESTAL  da*a,  the  first  order  gave  the  best  over¬ 
all  approximation  of  the  data  even  though  a  great  deal  ol  variance  was 
left  unexplained,  and  that  no  improvement  could  be  derived  front  using 


a  higher  order.  It  should  be  emphasized  that  this  was  shown  only  for  the 
ten  factors  .aken  together  and  for  tv'C  different  sub-samples.  No  assump¬ 
tions  couid  be  made  that  all  sub-samples  would  have  the  same  results, 
although  it  appeared  that  this  might  be  the  case.  Nevertheless,  each  sub- 
eample  would  have  to  be  checked  before  any  emphatic  statement  could  be 
made. 

The  analysis,  up  to  now,  was  concerned  with  only  the  independent 
variables  or  factors  of  the  regression  equation.  Since  one  of  the  most 
important  ideas  introduced  in  this  thesis  was  that  of  summing  all  types 
of  accidents  occurring  each  day  for  a  value  to  be  used  as  a  dependent 
variable,  this  procedure  was  also  checked.  The  types  of  accidents 
investigated  were  divided  into  four  classes:  accidents  inflicting  damage 
to  personnel;  accidents  to  the  aircraft  and  associated  equipment  on  deck, 
called  ground  accidents  and  crunches;  aircraft  incidents,  which  are 
potential  accident  situations  which  should  lead  to  an  accident  but  didn't; 
and  aircraft  accidents,  which  are  accidents  causing  damage  or  destruc¬ 
tion  of  an  aircraft  normally  while  in,  approaching,  or  returning  from 
the  flying  state.  All  previous  analyses  were  based  on  the  daily  sum  of 
these  four  types  of  accidents  without  a  great  dea)  of  success.  Conse¬ 
quently,  it  was  decided  to  carry  out  regression  analyses  on  each 
individual  type  of  accident  and  all  possible  combinations  of  the  four  types 
to  see  if  this  would  give  better  results.  Theee  fourteen  different  regres¬ 
sion  analyses  were  made  using  all  ten  factors  in  each  case. 

The  most  numerous  accidents  of  any  one  type  were  the  accidents 
to  personnel.  The  data  for  these  accidents  were  obtained  from  a  monthly 
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report  of  injury  tc  fiignt  de-ok.  personnel.  Every  accident  wait  counted, 
no  matter  how  serious,  if  it  occurred  while  &  person’s  presence  was 
required  on  the  flight  deck.  The  theory  behind  counting  all  accidents 
equally  was  that  each  accident  was  a  human  error,  the  seriousness  of 
which  was  ..ormally  determined  by  t  »e  circumstances  rather  than  the 
error  itself.  This  basic  idea  also  justified  the  adding  of  the  different 
types  of  accidents. 

Since  the  total  number  of  accidents  was  made  up  primarily  of  the 
personnel  accidents,  very  little  change  in  the  regression  analysis,  when 
using  only  personnel  accidents,  was  expected.  This  was  indeed  the  case 
with  this  analysis  showing  very  little  improvement  ii.  explaining  the 
variance.  Also,  two  coefficients  checked  significantly  different  from 
zero,  while  only  one  had  previously  done  sc  when  the  regression 
analysis  was  based  on  the  total  sum  of  accidents.  However,  these 
improvements  were  inconsequential.  Nevertheless,  this  did  present  an 
idea  which  might  be  worth  investigating  when  a  larger  sample  space 
would  be  available.  It  could  turn  out  tb»t  better  results  would  be  obtained 
by  using  only  personnel  accidents  in  the  regression  equation  since  this 
might  be  a  beCter  indicator  of  tempo. 

The  second  moot  numerous  type  o/  accident  was  the  ground  accident 
or  crunch.  The  regression  analysis  using  only  these  accidents  proved  to 
be  ineignificant.  Also,  none  of  the  coefficients  tested  significantly 
different  from  zero.  This  was  not  the  case  for  aircraft  incidents. 
Although  thero  were  very  few  of  these  reported,  the  regression  using 
only  these  accident*  did  prove  significant  with  approximately  one-fourth 


of  the  variance  explained.  Since  only  one  of  the  coefficients  tested 
significantly  different  from  zero,  the  regression  analysis  using  only 
these  accidents  was  not  an  improvement  over  the  regression  using  all 
the  accidents.  The  last  case,  a  regression  analysis  involving  only 
aircraft  accidents,  also  was  not  an  improvement  over  the  initial  case. 

It  proved  to  be  insignificant  with  none  of  the  coefficients  testing 
significantly  different  from  zero. 

The  regression  analyses  using  each  of  the  different  types  of 
accidents  were  performed  to  determine  if  a  noticeable  improvement  in 
reducing  the  unexplained  variance  could  be  effected.  This  did  not  even¬ 
tuate,  so  further  analyses  were  made  using  all  possible  combinations  of 
the  four  types  of  accidents  as  the  dependent  variable.  Out  of  these  ten 
additional  cases  only  five  proved  to  be  significant.  These  five  consisted 
of  the  following  combinations:  personnel  accidents  and  aircraft  incidents; 
personnel  accidents  and  aircraft  accidents;  aircraft  incidents  and  air¬ 
craft  accidents;  pn  uunneii  acciaents,  ground  accidents,  and  aircraft 
accidents;  personnel  accidents,  aircraft  incidents,  and  aircraft  accidents. 
None  of  these  cases  showed  any  noticeable  improvement  in  the  amount  of 
explained  variance,  although  two  of  the  five  cases  did  have  as  many  as 
four  regression  coefficients  and  partial  correlation  coefficients  which 
tested  significantly  different  from  zero. 

By  increasing  the  sample  space  the  value  of  the  coefficients  can 
eventually  be  tested  significantly  different  from  zero  simply  because  of 
the  nature  of  the  t-test.  This,  therefore,  io  a  problem  which  can  be 
rectified.  However,  getting  as  much  u  70  percent  of  the  variance 
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explained  is  something  that  cannot  be  controlled.  This  is  the  actual 
problem  which  must  be  faced. 

The  different  regression  analyses  of  this  chapter  were  performed 
in  an  effort  to  produce  the  maximum  amount  of  variance  explained,  and 
at  the  same  time,  use  as  few  factors  as  possible.  Since  most  analyses 
proved  to  be  insignificant  and  none  of  the  analyses  was  successful  in 
explaining  a  large  proportion  of  the  variance,  the  desired  results  were 
not  obtained  and  the  only  comment  that  can  be  made  is  that  additional 
study  is  required.  Other  types  of  analyses  could  be  made  and  some.  In 
fact,  were.  A  check  was  made  to  determine  if  there  v/as  a  significant 
amcunt  of  autocor relation  in  the  series  comprised  of  the  daily  number 
of  all  types  of  accidents.  This  was  investigated  because  a  large  amount 
of  autocorrelation  would  indicate  that  the  number  of  accidents  occurring 
each  day  was  largely  affected  by  the  number  of  accidents  occurring  on 
some  previous  day.  However,  this  was  not  the  case  because  these  auto¬ 
correlation  coefficients  proved  to  be  insignificant  for  intervals  as  large 
as  three  days.  With  larger  intervals  than  this,  intuitively,  there  should 
be  no  possible  association.  Another  analysis  which  was  performed  on 


the  entire  sample  space  using  the  ten  factors,  was  a  stepwise  regres¬ 


sion  analysis.  This  was  not  discussed  in  detail  because  the  results 
obtained  were  not  noticeably  different  from  those  observed  when  using 
the  multiple  regression  analysis.  However,  the  stepwise  regression 
analysis  should  play  an  important  part  in  future  studies  since  it  would  be 


very  useful  in  determining  which  factors  were  the  most  important  in 
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explaining  the  variance  when  there  was  a  large  number  of  factors  to 
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be  investig  .iad. 

ThiB  chapter  ie  primarily  concerned  with  presenting  the  different 
regres  lion  analyses  which  are  applied  to  the  FORRESTAL  data,  in 
c.'.ch  analysis,  the  amount  of  variance  explained  is  determined  to  be 
too  small.  Because  of  this,  no  definite  conclusion  can  be  made  ueing 
these  analyses,  and  a  need  for  additional  analyses  based  on  a  much 
larger  sample  space  is  demonstrated.  Although  the  results  of  these 
analyses  are  disappointing,  they  can  be  used  to  indicate  what  procedures 
may  be  adapted  in  future  analyses.  If  future  analyses  do  affirm  the  ideas 
introduced  in  this  thesis,  tempo  can  then  be  measured  by  an  equation 

a  .  •  I  *  IlM  J> 

which  ie  jimilar  to  the  example  presented  in  thie  chapter. 
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CHAPTER  VI  .... 

CONCLUSIONS 

The  research  for  this  thesis  was  carried  out  in  an  effort  to 
develop  a  structurally  sound  equation  to  measure  the  tempo  of  flight 
deck  operations  aboard  a  carrier.  It  was  determined,  however,  that  to 
develop  a  measure  of  tempo  it  w»b  necessary  to  first  perform  a  regres¬ 
sion  analysis  of  accidents.  It  should  be  emphasised  that  the  primary 
concern  of  the  regression  analysis  was  not  merely  to  fit  ihe  historical 
data,  with  minimum  residual  variation,  with  whatever  variat  le  best 
did  the  job,  but  rather  to  identify  and  specify  '.he  underlying  accident 
generating  mechanism.  Unless  this  was  done,  the  values  of  the  partial 
correlation  coefficients  would  be  useless.  Thus,  the  fir.a1  tempo  equa¬ 
tion,  based  on  the  partial  correlation  coefficients,  would  also  be  invalid. 

Since  the  regression  analysis  of  the  FORRESTAL  c.ata  proves  to  hi 
insignificant  in  most  cases,  it  is  evident  that  the  underlying  accident 
generating  mechanism  is  not  determined  from  this  sample  space.  There 
are  several  possible  reasons  for  this.  First,  a  regression  analysis 
tcclmiquo  is  mathematical  and  is  based  on  the  assumption  that  the  data 
follows  a  trend  that  can  be  expressed  by  a  mathematical  equation.  It  iB 
possible  that  a  mathematical  relationship  does  not  exist,  r.e\  erthelees, 
a  larger  sample  space  should  be  investigated  before  such  .«  notion  is 
accepted.  A  second  possibility  is  that  the  linear  regression  analysis  is 
inappropriate  becauoe  some  or  all  of  iht  factors  inveafcigated  do  np|  have 
a  linear  relationship  with  accident  occurrence.  This  possibility  also 


73 


gives  insignificant  results  and  can  only  be  checked  by  inveatigating  a 
larger  sample  space.  Another  possibility  is  that  there  are  errors  in  the 
FORRESTAL  data  that  cause  insignificant  results.  It  is  also  possible  that 
some  important  accident  influencing  factors  are  not  included  or  that 
errors  are  made  in  the  manner  of  converting  the  recorded  data  to  the 
form  required  for  the  study.  Lastly,  it  is  possible  that  the  FORRESTAL 
data  contains  a  great  deal  of  spuriousnes s. 

No  matter  what  the  reason  for  the  insignificant  results  obtained 
from  the  FORRESTAL  data,  there  does  seem  to  be  justification  for 
additional  analysis  to  determine  if  the  factor-accident  relationship  i s 
linear.  If  future  research  is  conducted,  there  are  two  possible  results 
of  importance.  The  factor -accident  relationship  can  test  fignificant 
using  a  linear  regression.  This  implies  that  a  linear  or  an  approxi¬ 
mately  linear  relationship  exists.  If  so,  one  of  the  basic  assumptions 
of  this  thesis  is  proved,  thus,  leading  to  a  better  measure  of  te' 'po. 

T!»e  oiher  possible  result  from  extended  research  of  a  larger  sample 
space  can  be  that  the  factor -accident  relationship  will  test  insignificant. 
This  can  be  caused  by  any  one  or  a  combination  of  the  previously 
mentioned  nossible  causes  that  rendered  the  FORRESTAL  data  insigni¬ 
ficant.  No  matter  what  the  reason,  however,  a  basic  assumption  is 
invalidated,  and  thus,  this  thesis  cannot  be  used  to  provide  a  better 
measure  of  tempo. 

The  concepts  of  this  thesis  should  not  be  rejected  unless  proven 
Invalid  by  additional  research.  The  analysis  of  the  FORRESTAL,  data 
did  not  show  the  assumptions  to  be  incorrect,  but  for  the  most  part,  it 
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showed  only  that  nothing  but  insignificant  results  could  be  obtained  from 
such  a  small  sample  space.  The  reason  for  the  research  upon  which 
this  thesis  was  based  arid  the  reason  this  thesis  was  directed  toward  the 
idea  of  developing  a  measure  of  tempo  of  operations  aboard  an  aircraft 
carrier  were  based  on  a  request  from  the  Naval  Aviation  Safety  Center. 
From  the  conception  of  this  thesis,  the  possibility  of  invalid  basic  assump¬ 
tions  was  realized  and  the  analysis  was  conducted  to  determine  if  this 
were  the  case.  The  members  of  the  Special  Study  Group  at  the  Safety 
Center  felt  that  even  if  an  idea  were  developed  and  proved  in  error, 
at  least  that  would  be  one  lesc  path  that  they  would  be  required  to  investi¬ 
gate  in  their  quest  for  a  good  measure  of  tempo  of  carrier  operations. 

At  the  initial  undertaking  of  the  study  fo  .*  this  thesis,  it  was  hoped 
that  the  ideas  advanced  would  be  substantiated  by  the  analysis  of  the 
FORPv-£STAL  data.  Once  it  was  determined  that  this  could  not  be 
accomplished  with  this  sample  space,  the  only  recourse  was  to  explain 
in  detail  exactly  what  procedures  were  followed  in  the  analysis.  Thus, 
the  Safety  Center  might  be  able  to  conduct  similar  research  with  a 
larger  and  more  extensive  sample  space,  if  they  so  desired. 

If  the  procedures  advanced  in  this  thesis  are  to  be  used  for  any 
futi’-->  analyses,  one  important  modification  is  suggested.  If  some  con¬ 
trol  can  be  implemented  in  the  collection  of  data,  it  is  highly  desirable 
to  separate  all  activities  in  the  records  according  to  day  or  m.  tor 
example,  currently  it  is  impossible  to  distinguish  from  the  recoi  .8 
whether  the  accidents  to  individuals  occur  during  the  day  <  r  '  ^,nt. 

Since  these  accidents  constitute  a  large  percentage  of  the  total  number  of 
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accidents  in  the  FORRES  a  Ai,  data,  it  wag  necessary  to  combine  ail 
accidents  in  a  single  regression  analysis  of  day  and  night  activities. 

« 

For  more  reliable  results,  however,  the  better  method  to  use  in  per¬ 
forming  the  -Analysis  is  to  separate  all  day  and  night  activities  and  carry 
out  a  regression  analysis  of  each. 

In  review  it  should  be  noted  that  several  parts  of  this  thesis  are 
based  on  intuitive  ideas.  If  these  ideas  prove  correct,  a  great  deal 
of  improvement  will  be  made  in  the  ability  to  measure  tempo.  That  this 
possibility  exists  is  ample  justification  for  further  study.  Even  if  the 
intuitive  ideas  prove  incorrect,  additional  use  can  be  made  of  the 
different  studies  suggested  by  this  thesis.  The  least  squares  curves  can 
be  used  as  indicators  of  what  will  happen  on  future  cruises  with  regard 
to  accidents  and  the  various  factors.  The  regression  analyses  are 
actually  necessary  for  statistical  accident  studies  even  without  attempting 
to  use  them  in  measuring  tempo.  These  analyses  will  probably  be  con¬ 
ducted  by  the  Safety  Center  because  of  their  possible  value  in  determining 
the  causes  of  accidents  and  of  predicting  accidents  in  the  future. 

As  a  final  point,  it  should  be  remembered  that  the  Index  number 
proposed  in  thia  thesis  is  to  be  used  aB  a  single  measure  of  relative 
tempo  and  not  as  a  purely  objective  measure  of  tempo.  These  concept* 
are  presented  in  an  effort  to  obtain  a  better  measure  of  tempo.  They  are 
by  no  means  perfect  and  require  a  great  deal  more  research.  Eventually, 
however,  they  should  lead  the  Naval  Aviation  Safety  Center  to  that  which 
it  needs  so  desperately:  a  reliable,  valid,  and  statistically  sound 
measure  of  tempo  of  operations  aboard  an  aircraft  carrier. 
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